ALLAHAtSAU 

UNIVERSITY STUDIES 


VOL. IV 


fiDlTEO dV 

The Vice-Chaacellor and the fields of Departments 


Senate House 


ALLAHABAD 

1928 



Pnnted by K Mittra, ab 
The Indian Press, Ltd , 
Allahabad 



PREFACE 


We aie sending out to the woild the Fourth Volume of 
oui Studies It IS encouiagingto find that oui Departments 
are becoming increasingly active m leseareh work In fact, 
for the present volume we have, had more papeis than we 
could print , and we have been forced to hold ovei a few for 
the next volume The Viee-Chancelloi thanks his colleagues 
in the Univeisity for this geneious response towards an under- 
taking which he hopes will bring credit to the University 


Mauh 31, 1928 


G J 
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THE GOLGI APPARATUS AND VACUOME 

THEORY 

BY 

D R IBHATTAOHARYA, M Sc , Ph D (Dublin), 

D Sc (Pans), F R M S , F Z S (Prance), 

Zoology Department, University of Allahabad (India) 
INTRODUCTION 

The object of this papei is to awaken an interest in the 
works of Parat and his collaborators on the Golgi apparatus 
among the English-speaking cytologists and such otheis 
who either owing to paucity of hteratnie or ignorance of 
continental languages are precluded from folloiving the discus- 
sion that has been going on for the last 3 years as regards the 
homology of the Golgi apparatus and Vacuome - The necessity 
of explaining Paiat’s views becomes imperative because of the 
fact that even now many of the contributions on the subject 
in English show complete ignoiance of the existence of a 
senes of inteiesting papeis wntten by Gmllieimond, Parat 
and his coUaboiatois. The Vacuome theor}’- as propounded 
by Paiat has been the 'subject of a gieat deal of discussion 
at the last two “ Reunion (Turm and Liege) of Association 
des Anatomistes ” Adherents to Parat’s view about the nature 
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and function of Golgi apparatus aie increasing in nunibeis 
and it IS liigli time that we put to tlie test the ideas held by the 
French School as legaids the structiuc of this cell organ, and 
expose them if they aie found to be a fiaud If, on the 
other hand, they aie found to be neaiei the ti uth, it is but 
fan to gi\e them a pioper place in scientific hteiatuie 

This papei was onginally wiitten in the department of 
Anatomy and Histology, Soibonne, Pans, in 1925 Thiough 
pressuie of woik and vaiious othei cause^!, its publication has 
been unusually delayed . I have pleasine m expressing heie 
my indebtedness to Di Parat for ciiticisms and for placing 
his personal library at my disposal and to Professor J Bionte 
Gatenby foi going through the manuscript of this papei 


HISTORICAL ACCOUNT 

It IS now a well-known fact that in 1898, the great 
Italian neuiologist Camillo Golgi (41) discoveied and descnbed 
foi the first time the “ appaiato leticolaio inteino ” in the 
neuiones of the central nervous system by the silver nitiate 
methods HoImgien(M) end Kelts (04; A) and otheis m 
, put m evidence a system of cleat canaliciiles m a laige 
number of cells Then matked resemblance of form and 
posttion mth the Golgt apparatus led Ca,al to call fltem 
^abodes of Golgi-Holmgten Golgi bimself seems to have 
”T hts pupils and admmers took 

Ita r w tn'f 1 92) obtatned results 

r9otxsrtbe-t''t“r “ 

, epitbebum of coinea and com»”rt 
of Golgi A httle late. &psch bt 

mterestmg results by the osmium obtained vay 

Hm tvorlcwas considemd 7^ 0 

(03) and otbeis called tba n™k ‘“PO'^oe that Wetgl 
Kopscben Apparat v„„ p ^ '““jcied cell organ Golgi- 
PPmt Vo„ Betgen (S) m 1904, obtamed 
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lesults confiimatoiy to tliose of Kopscli by the osmium tech- 
nique The Golgi appaiatus was subsequently desci ibed by 
Pensa (1901 — 19i4, 81, 82, 83) m supra-renal bodies, cartilage 
cells, and plants Negri (1899, 64) described them in gland 
cells, Stiopeni (1908,-89) in hvei cells, Penoneito (1910, 84) 
in sex cells, Mai cora (1911, 55) in degeneiating nerve cells, 
Sangioigi (1909, 86) m kidnej'^, Baiinetti (1912, 3) in its 
(Golgi appaiatus) position relative to centrosome, D’Agata 
(1910, 24) in stomach epithelium, Biondi (1911, 9) in choroid 
plexus, Corti (1913, 19) in the inteshnal epitliehal cells 

Pienant (1888) was the fiist to describe the Osmie acid 
method as suitable for the detection of bodies akin to the Golgi 
apparatus By prolonged action of osmic acid (2^) on the 
"cells of Gastropods (Etehx and Aiion) he demonstrated that 
"platten” called “nebenkern” weie visible The credit, how- 
ever, must go to Kopsch (49) who in 1902 definitely stated 
that the osmic (2^) method was smtable for the detection of 
Golgi bodies Von Bergen (6) in 1904, used osmium material 
to show systems of filaments in a network descnbed by the 
Italian School Later, in 1906, Sjoval (88) descnbed the 
Golgi appaiatus (osmium method) in the somatic cells and 
eggs of mammals Bamon y Cajal (16 — 18) with his pupil 
Fananas (1904 — 1915, 31) studied the Golgi appaiatus in 
embryonic cells Pensa (1913, 82) showed the development 
of the Golgi apparatus in the couise of ossification, followed 
by Cajal (1915, 18) and Demeka (1916, 28) 

Thus we see that even so far back as 1912, a numbei of 
workers had earned on cytological investigations on a variety 
of tissues in the ammal body They laboured howevei under 
great difficulties, foi cytological technique as it is known at 
the present day was unloiown then and natmally lather crude 
mediods weie employed to detect the vaiioiis cell organs 
Modern Cytology may be said to have giown within the last 
15 years Duimg this penod a senes of inteiesfang papeis 
by Gatenby, Hiischlei Duesberg, Cajal, Pappenheimer, 
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Cowdiy, Ludford, V Natli, Brambell, Da Fano, King, Tello, 
Berenbeig-Gosslei, i\Ioielle, Kopscb, Kolatcbev, Bowen, Saguclii, 
Nassonow, Paiat and otbeis have been contiibuled to elucidate 
the natme and foiniahon of the appaiatus of Golgi in somatic 
and germ cells 


THE GOLGI APPARATUS AND VACUOMB 

According to the views held by the majoiil}' of Cytolo- 
gists, the Golgi appaiatus exists in cells m the form of 
filaments oi a close netwoilc in the eaily stages and geneially 
]uxta-nucleai m position The netwoik latei bieaks up and 
gives rise to vaiied foims of Golgi bodies Regaiding its 
chemical composition veiy little is definitely knoii n It is 
geneially behe\ed that at least a pait of the apparatus is hpoid 
m natuie Gatenby thinks that the consbtution of the ap- 
paiatus IS lather analogous to that of mitoehondua, ^ e, proteid 
combined with phosphohpoids Bowen thinks ^ that they aie 

made up of two things, the one colouring lightly and the other 
strongly. Cowdry is of opinion that the space occupied by 
('^A\ ^PP^ifitus IS of a hquid natuie Paiat and Beigeot 
I ’ “11= of tlio mtestme 

hp of Amphibians, the Golgi appaiatus cannot 

be consideied to be of the natuie of hpo.ds Again, the Golg. 
a^tus IS generally suppoeed to be a structme of varying 
a o»shaped or nng-like, containing 

the names of “'rehopW ““L”' T"" 

etc ’ ®pheie substance,” “idiosome,” 

oollahoratofs has *oU’"Si/arGd'“°‘ 
calls Vaenome, as reveaW W S 
nalmal condition IS alway,1plll«.,“^'‘" 

that the vaiied foims of ^ believes 

artefacts caused by the action^ 

fotlltei to add that the close networrof“re“™' P 

or the appaiatus in its 
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eaily stages lesults from the lunnmg together of Golgi bodies 
and mitoehondiia undei the influence of certain fixatives Paiat 
and his collaborators have used both the classical fixatives and 
vital examination methods side by side and have come to the 
conclusion that the Golgi bodies and Vaeuome are one and the 
same stiuctnres In coming to this conclusion the methods 
found most useful weie Kolatchev-Nassonow osmium 
modification and Paiat’s neutial led solution 

Regaiding its constitution Parat believes that the contents 
of the Vaeuome are of the nature of solutions of crystalloids, 
in many cases with a little colloid, the liquid being acidic in 
reaction This is, in essence, Parat’s Vaeuome theory, which 
difiers maikedly from tlie views held by most of the leading 
Cytologists on the natuie and constitution of the Golgi 
apparatus 

The Vaeuome theoiy dates back fiom the time when 
Dangeard (1916, 25) desciibed it in vegetable cells foi the first 
tune Latei Guilliermond (1920,42) and Mangenot (1922,44) 
gave a pioper inteipretation to the vague ideas of Dangeaid 
and homologised the Vaeuome with the Golgi apparatus 
Guillieimond’s subsequent contiibutions on the occurienee of 
Vacuomein plant cells will evei remain a work of classical 
impoitance Paiat and Painl6v6 took up the cue fiom 
Gmllieimond’s work in 1923, and described the occurrence of 
the Vaeuome in animal cells foi the first time by vital 
staining methods As alieady stated above, they have since 
been able to liomologise the Vaeuome with tlie Golgi appaiatus 
m animal cells In 1924, A Coiti (21), a disciple of Golgi, 
demonstiated by a modified Eegaud’s method, the existence of 
vacuoles which he calls “Lacuonome,” coi responding to the 
Vacuole desenbed by Parat and Painldv^ N Chlopm (1925) 
confiimed these ideas upon the livei of axolotl m tissue cultures 

Fuithei, the examination of sahvaiy glands, pancreas, etc, 
has led Paiat to the conclusion that the appaiatus of Golgi is 
constituted by a system of vacuoles (Vaeuome) in winch 
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‘ gianules cle secietiou” are produced by condensation These 
giams ivhen foimed lose then powei of colourability by neutral 
led, which accoiding to Paiat is tbe best colourant toi an 
inti ct, vitam denionstiation of Vacuome 


UlOUUSbiUiN' 

The question now anses whether the Golgi bodies as 
levealed by the aid of the classic<il fixatives and the Vacuome 
so easily colouied by nential red (colomation vitale) aie one 
™ e same stiuctuies, or aie they different formations 
a to,^tliei Lately I have been woiking in collaboration wnth 
aiat on the eggs of certain Ascidians’ and Amphibians ’ 
e injected neutral led into the epidermis fiist and afterwards 

nma-pentoneally quantities varying m all from 8 to 12 cc 

npiit ? a ^^1 ovary becomes well impregnated with 

Z hi ' ; I '' examination Sometimes 

iNe flrd f the mouth and 

and took "T We made sketches 

and ^ok niiciophotogiaphs of oui vital exammation slides 

that “j r'l i" Themethods 

found. Wt they causS 

extent or other Dv bodies to some 

^^tal stammg and by theT^^^i Pictures obtained by 
ive found that the Golsi fixatives mentioned above, 

ivere invariably sphencalm fo exammed by us, 

occupy nearly the same spac^ ZZ 
vacuoles (Vacuome) obtained 1 ^/^^'^tive position as the 

examinations In the early staee-’ Jr ^ posMntal 
these bodies occupy a juxta-midL ^®^®topment of the egg, 

' ^tochondn a generally form tbo i^ along with the 
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yolk-nucleus of Balbiani In latei stages tins dense cloud 
disappeais and the vacuoles (Vacuome) aiiange themselves 
raoie 01 less m a penpheial layei 

Subsequent to m}*- aiiival m India last yeai, I set 
several of my pupils to ivork upon the cytoplasmic inclusions 
in the eggs of a ^allety of animals We tiled the usual 
classical fixatives and the intra viiam methods advocated by 
Paiat (73) and Gatenby (39) In all the animals examined 
by us so far, e gr, the common Indian eaithwoim (Pheietima 
posthuma (87), the pigeon (27) and a variety of other birds, 
the common Indian toad (57), Varanus and Laceita, it was 
found that the Golgi bodies weie spheiical m shape, at least 
in the latei stages of development In eaihei stages they aie 
gianulai and then exact shape is difficult to deteiimne 
Ludford’s latest modification of the osmic acid method (53) 
IS undoubtedly the best fixative we could lay oui hands 
upon It has always given us satisfaction A compauson 
of the pictuies obtained by the usual fixatives and the 
wet methods of Parat and Gatenby lead me to thmk, 
firstly, that the Golgi bodies are spherical in shape, secondly, 
that the Golgi bodies and vacuoles (Vacuome) aie homologous 
structures 

It IS inteiesting to note here that in December, 1925, 
Kassonow in an mterview, aftei a practical demonstration by 
Parat, in the department of Histology, Soibonne, Pans, 
admitted that the lattei’s ideas as regards the Vacuome were 
substantially correct Nassonow, however, thinks that the 
membrane of the Vacuome — which according to him is the 
homologue of the membrane of Piotozoan excretory vacuoles 
(1924, 60) represents the Golgi apparatus It seems to me that 
Nassonow is making a sweeping geneialisation on the 
exammation of a very specialized case, the one of the Protozoan 
with excretory vacuoles, which can hardly be homologised nvith 
all the other ceUs of Metazoa I may also mention here that 
Vishwa Nath and his collaborators m a series of papers 
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lecently published (61, 63) seem to be inclined to the view that 
the Golgi bodies aie iing-hke oi spheiical in shape Vishwa 
Nath (62, 63) seems to have a distinct leaning towaids Paiat’s 
Vacuome theoiy The Vacuome theory has already been 
admitted by Coiti and N Clilopm It appeals thus, that at 
least m ceitain animals {vide the types mentioned above), the 
well-known Golgi bodies and the Vacuome of Paiat, Painleve 
and GuiUieimond aie veiy likely homologous structuies and aie 
always spheiical in foim Mote woik on the above lines on a 
laige number of types is urgently needed to put an end to the 
inteiestmg controveisy that has been raised as legards the 
lomology of the Golgi body and the Vacuome, by the 

important contiibutions of the above-mcutioned Fiench 
Gytologists 

CONCLUSION 

The examination of cytoplasmic inclusions in the 
ogenesis of a number of animals, leads me to conclude 

mvfii.nii 1 ^ ® bodies aie granular and acqune a 

egg ° position in the eaily stages of development of the 

the complex is probably 

together und 1 mitochondiia running 

/Q\ rpt 

bodies are spLmal m^slla^ development the Golgi 

(4) That the Goki Imri 

Paiat and GuilUermond. ^‘''"f"'^ (Vacuome) of 

(5) That so far as homologous structuies 

the Golgi bodies is bpei concerned the shape of 

method, and Ludfoid’s 1 ^^olatchev-Nassonow 

method modiBcation of the osmic acid 

(^) That the neutial led t .u 

ly the most comuncme of nil n of Paiat is undoubted- 

tion of vacuoles (Golgi bodies) ^ foi the demonstia- 
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(7) Tliat tlie homology of the Golgi body with the 
Vacuome can only be established by examining side by side 
slides made by the a vitam method and classical fixatives 

TECHNIQUE 

Foi vital staining, it is essential that a very good quality 
of neiitial red IS used 1/500 neutral red (ICiall) in 6/1000 
physiological salt solution, in propoition of 1 to 500 
volumes lespectively is placed in bath at 38°C for 12 hours 
or so The above should be mixed befoie use with an equal 
pait of Janus green 1/500 in 6/1000 salt solution Sea 
watei replaces Janus green equally well Janus gieen by 
itself IS not a good specific eithei foi Golgi bodies oi even 
for the detection of mitochondiia foi tsftei a quaiter of an hour 
it becomes liaimful and causes vesiculisation and fiagnientation 
of the chondiiomc By prolonged action it can coloui 
Vacuome also, and thus confusion between the two striictuies 
IS caused. What are geneially labelled after such an examina- 
tion as Golgi bodies, may in leality be Vacuome or Golgi 
bodies together with bioken-up and vesicularised fragments 
of Ciiondnome Neutral red is, howevei, a specific for Golgi 
bodies, for it colours Golgi bodies alone and nothing else Even 
granules of secietion when fully formed are not coloured by it 
Soon after the Golgi bodies are coloured by neutral red, 
Janus green can be intioduced under the covei shp cautiously 
Geneially within a quartei of an hour, sometimes after 
prolonged treatment, mitochondria make then appeal ance 
They do not, howevei, last long, and as I have already said 
fragmentation and distortion sets m The stage may be very 
transitory and shoit-hved Only a close application and 
dihgent search undei the high power of the microscope will 
show it It sometimes happens that mitochondrial filaments 
become visible, but as soon as the class is called to witness the 
great event, the green coloui disappears and disappointment 

results 
1 2 
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Painl(5v(5 
2 vols 
2 vols 
1 vol 


Fixatives used — 

( 1 ) Nassonow modification b}' Parat and 

Ki Cii O 7 2> Yo 

Acid, Chiomic 1 Yo 

Acid, Osmic ^ % a. 

Fix foi 6 — 24 hours, wash m watei 18 — 24 hours, transfer to 
Osmic acid 2 ^ foi 12 days , sections to be cut 3 — 6 m thick 
Bleaching by Henneguy’s method , staining by Altmann- 
Kull technique 

Henneguy’s bleaching method is veiy useful for removing 
the blackness of ovei-osmicated mateiial It consists in 
washing slides rapidly before staining va.^\% aquous solution 
of potassium permanganate, and afteiwaids m a 4 %^ solution of 
oxalic acid The bleaching should be contiolled under the 
micioscope Sometimes ovei-osmication is an advantage foi 
in ceitam cases, Golgi bodies take in then characteristic black 
colour, long aftei the fat bodies have been blackened 
( 2 ) Dietiich after Paiat and Beigeot — 

XT 11 (bichromate-formal) 01 better stiU in 

e y s ui or 24 hours , afterwaids m a saturated solution 

of potassium bioliromato at SS'C m tie bath toi 48 houis . 

tvash m water for 12 horns . stem m haematoxylm 
Haematoxyhn in a little alcohol 1 gr 

Sobtion acid acetic 2 % m water iQO c c 

This method Potassium ferricyanide solution of Weigert 
“tooioudna and yolk ata^a* “ 
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1 IKTRODUCnON 


The abundance of Reptjhan lj''pes in India affordb a vast 
field toi cytologic<il leseaicli Foi some leason oi otliei, not 
much lYOik has yet been done fiom the modem cytological 
point of view on this gioup Di Bhattaehaiya (3) worked 
out the Cytoplasmic Inclusions m the Oogenesis of ceitain 
Toitoises and Lizaids It was witli a view to fill up this gap, 
that the present work has been undertaken at the instance of 
Di Bhattaehaiya. This paper, therefore, attempts only to gire 
a piehminaiy account of certain Cytoplasmic Inclusions in the 
Oogenesis of the common Indian lizard, Caloles versicolor 
A general review of the formation and behavioui of Cyto- 
plasmic Inclusions in various groups of Reptiles is in comse 
of preparation, by one of us (S K D) Calotes offers an ideal 
type for work of this kind as it is found in abundance and 
keeps well in captmty for a reiy long time 

The work was originally undertaken by one of us 
(S K D ) till the other author (J J A ) who had been inde- 
pendently working on the same problem ai lived at Allahabad, 
with a view to completing the work under the guidance of 
Bi BhattachaiyainlheZoological Laboratory of the University 
ot Allahabad As both the authors happened to be woilcmg 
on the same problem, and at the same time, it was suggested 
lat they should collaborate The major portion of the rvork 
was thus done at Allahabad 


^ pleasure in recording here our sincere thanks to 
1 Bhattacharya for his land advice and criticisms during the 

’ and for offining us all facilities in looking 
up liteiatuie on the subject 


Iward 


material and TECHNIQUE 

The mateiml consisted „f oy,u,es f.om thuteen lemale 
hpMi ^ taking out o£ ovaries and 


patting tlieni m n~7 “ o£ ovaries and 
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minutes This natuially piecluded the possibihty of the 
cytoplasm undeigoing appieciablc disoiganisation 

The ovanes weie fixed in two lots — one by Da Fano’s 
(7) Cobalt-Nitiate method and the otliei by Ludfoid’s 
(14i and 15) latest modification of the Osmic method Luckily 
these two methods gave tis the desiied lesults, although iie 
tiled seveial othei methods also 

Sections 6 /a in thickness weiecut in the case of mateiial 
fixed by Da Fano’s method and 4/t thick in the case of the 
mateiial fixed by the osmic technique Seiial ‘sections were 
made of both lands of mateiial 

Silver sections were toned and stained m Safianine and 
Light Green which did not always piove very successful The 
lemainmg slides weie stained in lion Haematoxyhn which 
gave veiy satisfactory lesults Both toned and untoned slides 
weie also mounted unstained foi pin poses of comparison 

Ludfoid’s technique gave us excellent lesults The time 
foi post-osmication wns prolonged to three weeks, since one 
week was found to be lathei insufficient foi oui purpose The 
Golgi bodies in this animal seem to be less osmiophile and a 
little ovei-osmication proved advantageous This material 
was bleached by Henneguy’s method in aqueous solution 
of potassium peimanganate and afterwards in 4^ solution of 
oxalic acid Sections were treated foi vaiious lengths of time in 
turpentine to remove the fatty substances, and afteiwaids stained 
by the Champy-Kiill technique (18) Unstained slides before 
bemg treated by turpentine showed fatty yolk admiiably 

We tiled also the Intia-vitam method as suggested by 
Paiat (22) but did not meet with much success 

3 THE DISPOSITION OF THE GOLGI 
BODIES IN THE OOCYTE AND IN 
THE FOLLICULAB EPITHELIUM 

In the young oocyte the Golgi appaiatus acquhes th 
usual complex form as a compact massive structure si u 
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adjacent to the nucleus (Figb 1,2, 3, 4) In silvei piepaiations 
it takes the foim of a veiy dense mass of minute spheiical oi 
disc-shaped grannies (Figs 1 and 3) lying m a compaiatively 
denser aiea which has been described by D’Hollandei (6), 
Gatenby (8 and 9), Bhattachaiya (3), and otheis as the “ Yolk 
nucleus of Balbiam ” This aiea in subsequent stages acts as 
a focus of giowth and chspeisal of Golgi bodies It is probably 
homologous with the centiospbeie area which Biambell (2) 
shows so cleaily in the bud We have, however, found no 
trace of a centiospheie in this aiea Anothei peculiar and 
unusual feature was the presence of two sucli areas juxlanu- 
cleai in position lying on opposite sides (Fig 3), A lefeience 
to the photomiciogiaph of Figuie 3 will show that one of these 
0 gi foci is larger than the other Whether the smaller one 
originates independendy of the other or is a part of the older 
and laigei specialised area (yolk nucleus), we are unable to tell, 
as we have not been able to find any intermediate stages 

■shown tire occurrence of 

several such foci m the oocyte of a six weeks old chick and 

desciAed it as an abnormal auangement of Golgi bodies 

witv. ^ the same structures 

miplpn m ^ 1-^6 second small patch of yolk- 

of thei archoplasmic area was not found in any 

or the stages examined by us (Fig 4) 

of a *»'» *0 presence 

t Xn„rr " Golg, bodies! ms.de 

l»d.es .nside ta de^e” “rlScT, f 

the high p„e„ of ae m.coscopo 3 T) 

■oiigmalfoaigtSo^attrpidpa* ^ 

dense! areas soon disappear Tlfo f 

E-tneous appearance mlh tbe Golg. bod^lT”- “ 

“ pandes, distatated aU oTef .! !„i “PI*®* 

IS surface It appears thus, 
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that the Golgi bodies aftei acquuing a ceitain amount of 
giowth undeigo disi option into dust-hke pai tides, now in- 
numeiable in numbei Tins peiiod also maiks the zenith of 
the formation of fatty yolk desciibed elsewheie The Golgi 
bodies tend to become smallei and smaller in the medullaiy 
legion of the egg, but in the peiiplieial legion a eoitical layei of 
laiger Golgi bodies becomes legulaily aiianged Golgi bodies 
laige enough to be visible undei the low poweis of the micioscope 
aie not found outside this peiiplieial legion of the egg 

At about this stage oi even a little earliei the folhculai 
epithelium seems to einbaik on a phase of great activity so 
fai as the Golgi bodies aie concerned Golgi gianules aie 
seen to mass together in the cells of- the folhculai eiiithelium 
adjacent to the Zona Radiata Then they aie expelled fiom 
the cells and pass on then way to the egg tlnough the Zona 
Radiata which in Da Fano prepaiations appeals as a stiik- 
ingly tiansparent space between the folhculai epithelium and 
the egg (Fig 6) Regulai stages of the Golgi granules passing 
from the folhculai epithelium to the egg can be obseived in 
Aaiious places under the high poweis of the micioscope 
(Photoiniciograph Fig G)«, Once ai lived at the coitical legion 
of the egg they seem to confine themselves mostly to this 
legion The innumeiable dust-like particles of the Golgi 
bodies in the coitical region of the egg give it a veiy chai- 
acteiistic appeaiance and affoid a great contrast with the tians- 
paient medullary legion of the egg in slides treated with 
tuipentine The ultimate fate of the coitical layer of the Golgi 
bodies IS difficult to trace out as they tend to become iiiegulai 
in shape and break up into ultiamicioscopic paihcles 

4 FORMATION OF YOLK 
At the early stages of development inside and aioiind the 
yolk-nucleus area small fatty droplets begin to make then 
appeaiance pa? t passu with the giowtli and dispersal of the 
Golgi bodies in this area Thosefatty^ dioplets begin to inciease 
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111 number and spiead tliemselves out tliioughout tlve cyto- 
plasm On a close observation under the high poiveis of 
micioscope it is foimd that these fatty droplets undergo 
de\elopmcnt iii close association with one or more Golgi 
giaiiules Sometimes Golgi granules are found situated on the 
surface oi on the iim of a developing fatty droplet, while 
occasionally they may be found even inside the substance ot 


these fatty di-^cs oi spherule'! It is difficult to say whethoi the 
Golgi bodies undergo direct transformation into fatty yolk oi 
whether m some indirect waj!^ they contribute towauls the 
formation of these fatty droplets oi yolk These fatty droplets 
reduce osmic acid easily and acquire the black colour very 
leadily They are also easily decolourized in tiupentine thus 
making it possible to diffeientute between these and the larger 
Golgi bodies There seems to be little doubt that these black 


splici riles ivliicli Ludfoid (IG) calls fatty droplets and Gatenby 
and Nath (9) identify as fatty yolk are ultimately derived 
either directly or indirectly from the bioken-up Golgi bodies 
True yolk bodies, though apparently fewer m number, 
m the stages, so far available to us, also make their appearance 
at a stage when the yolk nucleus of. Balbiam disappears and 
the fatty yolk h fauly well establislied As the shott time 

toZotr tmtocho.Kl.ml 

tl.eo..g.n’rf t.™yolk“ln definitely about 

to Champy-M technique, ’ ‘f? T®* "7“^,'“* 

slame.1 id me yisible 7 oe,h7 tmtoohomliTO 

gianutee appem to have become 

into yolk bofiies, while m otUere ’’ 

vacuole In the absence of xaoie ^ ^ ^ 

unable to press this pornt any' PJOofs, we are 


. 0 DISCUSSION!? 

It appears to us that the sUvei teclmin.m 
biings about great distortion of cell-oieant, \ '•^^ooubtedly 

'^rataneo, tbe 
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Golgi bodies wbicb appeaj^ uioie oi less spheucal at a ceilam 
stage in Ludfoid piepaiaUons appeal latliei distoiled and 
megulai in shape in the coiiesponding stages in Da Fano 
preparations The chaiacteiistic netwoik found in the Da Fano 
piepaiations in the yolk-nucleus aiea aie absent in osmic 
piepaiations We may mention here that leally good osmic 
must be used, and all details of the technique stiietly adhered 
to, in 01 del to get the best picture In such osmic iDieparation's, 
it IS found that the yolk-nucleus area is packed-full of Golgi 
grannies -which give it a veiy dense black and massive 
appearance The netwoik oi blanched appearance or e^en 
irregular laige bodies so commonly met with in Da Fano 
piepaiations are entirely absent In later stages when the 
Golgi bodies spread themselves out in the cytoplasm then 
shapes both in Da Fano and Ludford preparations aie 
granular At a still later stage the Golgi bodies grow up 
and arrange themselves as a distinct ring-hke layer in the 
peiipheiy of the egg In Da Fano preparations those bodies 
appear distinctly iiTegulai in shape and are seveial times 
bigger than the Golgi gianules in the medullaiy region In 
Ludford preparations at a similar stage of oogenesis, the 
Golgi bodies in the peripheral layer aie spherical in foim 
though much larger than the Golgi granules of the medullary 
region. This fact leads us to think that the shape of the Golgi 
bodies IS better preserved in Ludfoid’s osmium technique 
than by Da Fano’s Cobalt-Nitiate method 

The subsequent histoij’^ of the Golgi bodies is the same 
as in most of the vertebrate animals , they undergo disruption, 
become granular and finally lost to view in the cytoplasm 

The follicular epithchura appears to play an important 
role at a certain stage in the development of the egg The 
individual cells become actu e and a laige number of Golgi 
granules are expelled to the cortical region of the egg 
Whether they pass thiough a definite channel in the Zona 
Radiata or in a hapharaid manner, -ne have been unable to 

4 
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tiaco , but AYC found both m oui Da Fano and Ludfoi J sec- 
tions a numbei of Golgi gianules lying in vaiious legions 
of the Zona Eadiata 

As ve lYoiked ivith a laige number of oiaiies the 
chances of an aitefact seem to be lemote. Since these gianule^ 
leact to the fixatives i\e ha^e used in the same ivay as the 
Golgi bodies inside the egg, we iiifei that they must be similar 
stiuctuies Such exhusions of Golgi bodies fiom tlie folhculai 
epithelium to the egg hue ahead}'^ been noted and de- 
sciibed in detail by Bhattachaiya ('!) and Biambell (2) in the 
toitoise and the fowl lespectivelj'^ 

Yishwa ISath (20) in a senes of papeis published lecently 
has tiled to show that the fatt}’^ yolk is imaiiably formed 
hom^ the Golgi bodies eithei diieetly or indnectly So fai 
as Calotes is concerned w^e feel inclined to the view that 
the Golgi bodies aie lesponsible m some w'ay or other 
for the formation of what may be called the Golgi Fatty Yolk 
^stances are not wanting of the formation of the fatty yolk by 
Golgi bodies, eg,ii\ Saccocirius described by Gatenby (8) m 
Lithobius, Juhis and Palamnaeus by Yishwa Nath (9 and 20) 
and in Oniscus by Miss King (U) Ludford (16) describes 
t le foi Illation of fatty j oik even m the cells of tissue cultures 
om 0 gi lodie'? He calF them fatty oi hpoidal droplets 
miously enough the melliod of foiraation of tlie fatiy dioplots 

dcecnbed by Ludfo.d « ,er, s.m.lar to that of the fat.y 
yolk in Calotes 

bpinnrl extending the scope of work 

be5ondlheesam.nat.onofGolgiboa.os m the antmaf studied, 

With ClniTirtv 1" 11 osmic technique combined 

nell Wo £ rr® “.‘oohondiia as 

Stages m the development ormitocl""' 

stago tn,tod.ondna appeatod m !’n “ P“bcular 

oytopla^m. In oloso p.„x,„„i„ ‘be 

^ ' 5 to and eien sometimes 
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inside the patches vaiious stages in the development of txiie 
yolk bodies have been found In ceitain cases it was observed 
that mitochondiia swell up and giadually lose then affinity 
for the stains In a latei stage of development the swollen 
mitochondiia weie observed to he inside vacuoles (Fig 7) 
The development appears to he very similar to that described 
by Biambell (2) in the fowl 

Neither the nucleus noi the general cytoplasm appears 
to take a direct part in the formation of hue yolk 

6. SUMRIAEY 

1 In the 3 outig oocyte of Calotes the Golgi bodies appeal as 
a complex dense mass in the usual juxtanuclear position and consist 
mainly of granules 

2 In later stages the Golgi bodies become scattered in the 
cytoplasm and giadually become ultramicroscopic m the medullary 
region of the egg In the peripheral region comparatively bigger 
Golgi spheiules arrange themselves in a iing as a coi tical layer 
Subsequently with the development of the egg the 3 ’' ai e bi oken up 
and lost to view in the geneial cytoplasm 

3 At a particulai stage of development the folliciilai epithe- 
lium becomes very active and a laige number of Golgi spheiules 
appears to be extruded from the epithelial cells to the egg They 
pass through the Zona Radiata and settle down m the extreme 
peiipheral legiou of the egg where they are indistinguishable from 
the oiiginal Golgi spherules of the developing oocyte 

4 The Golgi bodies either diiectly oi mdirectly contiibute to 
the formation of yolk 

5 Mitochondria aie probably solely responsible for the 
formation of true yolk 
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7. EXPLAITATION OF PLATES 


Photomicrographs of sections showing the Golgi bodies weic 
taken under high powei, using the combination of Zeiss 12X 
Kompensoknlar and Zeiss Apochiomatic objective — these two yield- 
ing a magnificat’on of 1500 The photographic plates used weie 
Orthoohromalic \ size plates and the exposure given was 4=5 seconds 
It was found necessai y to ovei-e\pose the plates a little to get a 
shaip contiast of images 

The diawings were made undei Leitz Abbe Camera Lucida 
(12X ocular , 1/1 2th oil immersion) 

Fig 1 — Trausveise section of the ovary of Calotes fixed in Da- 
Fano toned and stained in Safi anine and Light Gieen The young 
OMim shows the juxtanuclear Yolk- nucleus packed-full of Golgi 
bodies Ihe laiger eggs show the peripheral arrangement of Golgi 
granules (Low power ) 

Fig 5 A fairly big oocyte showing the juxtanucleai Golgi 
Fixed in Ludford and stained by Champy-Kull method Patches 
of mitochondria aie visible (Low powei ) 

Ftg j Photomicrograph showing two jnxtanuclcar Foci 
(G1 and G2) The scattering of the Golgi granules in the cytoplasm 
fiom one of the foci (G3) is also visible Fixed in Da Fano, toned 
X1500 


Fig 4 —Photomicrograph showing one juxtanuclcai focus of 
Golgi bodies Fixed in Ludford (Low power) 

Fig 5 Photomicrograph showing one juxtanuclear focus of 
Golgi bodies fixed in Ludford High power X1500 

6 —Photomicrograph showing the migration of Golgi 

bodies fioin the follicular epithelium into the peripheral cytoplasm 
of the egg High power Xl 500 

the formation of 

discs IviiiP ° ^1 ° Siving use to Golgi fatty yolk True yolk 

chondrial mt T' are derived from the adjacent mito- 

chondrial patch High power X1900 

G-Goigr^dm! GFY-Golgi fatty yolk 

second focus of yolk-nilLis G3-^Th G2-The 

in the cytoplasm from the 'vlk ®°‘'^ttermg Golgi granules 

JITY i\ritnnUnvi 11 nucleus M — Mitochondria 

liitochondrial yolk or true yolk 
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INTRODUCTION 

The ]ugUfication foi iindeitaking this woik arises 
on account of the fact that India is so iich of Amcu 
fauna, and not much woik fiom the point of view of modem 
cytology, beyond that of a nice monogiaph on the oogenesis 
of the fowl by Biambell (2), has yet been done Tins 
papei purports to gi\e only a pieluninaiy account of 
the oogenesis of Columba intei media (the common Indian 
lock pigeon), which I am using as a type In a subsequent 
papei, I intend to publish my obseivations on a laige numbei 
of buds belonging to diflPeientgeneia and to submit tbeiem a 
compaiative account of cytoplasmic inclusions 

Among the pieMous ^YOlkels on the sub 3 ect, Mile Jjoyoi 
(9) in 1905 gave a detailed account of oogenesis of Reptiles, 
Buds and Cepbalopods Hei inteiesting contiibution loses 
much of its chaim because of the fact that she took no account of 
ceitam cell organs vhich foim the subject-matfei of this papei 
The technique foi the detection of such cytoplasmic inclusions 
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Avas not well unclei&toocl tlien anti was piobably not known 
to bei In 1914, Di Van Duane (20) publibhed an extieinely 
inteiesting paper on the oogenesis of buds She descabed m 
detail the oagin and development of Mitoehondaa and also 
of yolk bodies Hei papei also is vitiated by the fact that she 
ignoied the existence of one of the most impoitant cytoplasmic 
inclusions — the Golgi bodies This omission has subsequently 
(1925) been lectified by an impoitant contribution on the 
oogenesis of the fowl by Biambell (2) In older to supple- 
ment the knowledge aheady gamed by Biambell’s work, 
Di Bhattacharya suggested to me to undoitake to wato a 
monogiaph on the oogenesis of buds in general, fioni the 
point of view of cytoplasmic inclubions As the work will 
take about 2 yeais to accomplish, it was thought desirable to 
publish this piehminaiy account, stai ting with Columba intei- 
media, as a type. 

This work has been earned on under the guidance 'and 
supei vision of Di D B Bhattachaiya I wish to expiess 
here my deep sense of giatitude for the keen interest which 
he has shouii till oughout the progress of tins work and for 
kindly collecting the manuscapt of this papei 

MATERIAL AND TECHNIQUE 

The pigeon (Columba intermedia) used in this work was 
killed by sevenng the head without the use of an anaesthetic 
The ovaiies weie taken out as quickly as possible and put into 
the various fixatives The whole pi ocess fiom the killing of the 
animal to the Bxing of the ovaiy did not take moie than three 
minutes riius the chances of post-moitem changes weie 
leduced to a minimum The following methods of fixation 
were used in connection with this woik 

1 Da Fano’s cobalt-nitrate modification , cold fixation 

2 Ramon Y Cajal’s uianium mtiate and silver nitrate 

method , cold fixation 
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3. Latest modification of Mann-Kopscli osmic method 
by Ludfoid. 

4 Flemmmg without acetic acid 

5. Eegaud’s foimol bichiomate method. 

6. Eegaud-Tupa’s mamum mtiate foimol bichiomate 

method , cold fixation 

7 Bourn’s picio-foimol method 

8 Champy’s method modified by Nassonov and latei 

by Paiat, cold fixation 

9 Cainoy’s metliod. 

The cold method consists in fixing the mateiial inside an 
ice-box foi peiiods' lecommended foi each fixation By 
caiefully compaiing the lesulls it is found that the cold fixation 
methods gave by fai the best lesults One gieat advantage 
of cold fixation is that it allows of httle shimkage to ova 


The fixative lemams in a good condition at about 0 C foi 
a much longer time than otheiwise, and therefoie the action 
of the fixative on the tissue is moie of the desired natuie 


The ovary of the pigeon is extremely osmiophile, and it 
IS unsafe to leave the material m 2^ osmic acid for moie than 
three days In summer 36 hours aie qmte enough If kept 
longer, the material becomes buttle and leqmies plenty of 
bleaching Osmic acid at room tempeiatuie woiks weU but 
rf kept m a hot bath as lecommended by Ludfoid, Cham^ 
and others, the acid as well as the material soon gets spoilt 
the material becoming disintegrated and powdery Fossib y 
the hot climate of Northern India in summer has something 
to do with it In the course of my experience wth the 
pigeon material, I formd that sections from osmic piepaia 

tions should always be treated with tur-pentme for 5 to lU 

minutes m order to dissolve away the fat and that the tuipenfane 
must invariably be of the purest variety an not aci ic 
larly the sections should always be mounted in ^ 
balsam (Baume du Canada) whch should 
the dark The xylol-balsam generaUy used and kept careless y 
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exposed to light and ail is always acidic and in a veiy shoib 
peiiod leduces the intensity of the osniic coloui The acidity 
of tiiipentine and balsam should always be tested with phenol- 
phthalein The htmua papei leaction should iievei be lelied 
upon I wish to lay stiess on this point paiticulaily as I 
believe that caielessness in using the light kind of tuipentine 
gives eiioneous lesults and piodiices aitefacts I used a 
sample of tuipentine obtained fiom a film in India, and I 
found that in less than 2 minutes the entne sections weie 
bleached with the lesult that it became impossible to tiace 
the existence of Golgi bodies 

Foi pm poses of intia intum examination veiy young ova 
weie thoioughlj’' teased out of the ovaiy in salt solution 
(0/1000 diluhoii) and examined in neutial led solution (1/500 
in 6/1000 salt sohiUon) Veiy jmiing oocytes weie also 
examined in a mixtuie of equal puts of neutial led and Janus 
gieen B (1/500 in 6/1000 salt solution) (17) 

Ovanes iveie also teased out in salt solution and examined 
aftei the addition of a few diops oi 2% osmic acid accoiding 
to the method lecommended by Gatenby and Nath (7) 


DESCRIPTION 

The G-olgi Bodies ^The Golgi appaiatus in the pigeon 
uin easily be demonstiated both by osmic and silvei nitiate 
methods In the oogonium it lies close to the nucleus in the 
loim of a iiiiniite knot-hke body In these oogonia the con- 
stitution of the Golgi complex is difficult to deleimine, as at 
this stage the entue appaiatus is made up of a dense little 
Mass s the oogoiiuim deielops into an oocj’’te, this mass 
begiiis to spiead itself out m a semi-lunai fashion In 
sh higgei oocytes the appaiatus foims a little cap-hke 
c me on one pole of the nucleus In ceitam oocytes a 
bmrieni contoo. .s fo„«l m such cases the Golg. 
appaiatus occupies the space betoecn the two uuclei In latel 
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stages tlie Golgi bodies begin to spieacl themselves out aiound 
the nucleus and occupy a peiinuclear position In subsequent 
stages they seem to disappeai altogethei and then place is 
taken up by what look like swollen Golgi bodies oi fatty yolk 
discs 'Fatty yolk foimation at this stage is veiy intense and 
Golgi bodies aie found only in the peiipheiy as a iwg of 
mmute gianulai bodies A noticeable thing is that the Golgi 
bodies aftei emeiging fiom the jnxtanncleai mass alwa 3 'S 
appear as spherical bodies and aie never iiiegiilai in shape if 
piopeily fixed 

By the intia vitum examination method advocated by 
Paiat (17) with neutial led the young oocytes weie seen to 
possess a juxtanucleai patch of mmute spheiieal bodies which 
take in the characteiistic led coloui Accoiding to Paiat (18) 
these bodies aie what he calls Vacuome, and ate homologous 
with the Golgi bodies demonstiated by the classical methods 

MigiaUon of Golgi Bodies — Both in the silvei (paiti- 
culaily Ca]al) and osmic piepaiations aftei piopei toning oi 
bleaching as may be neeessaiy it is easy to demonstiate the 
Golgi bodies in theca and epithelial cells In theca cells the 
Golgi appaiatus lies on one side of the nucleus and is in the 
foim of a little tiny dense compact mass Such bodies I 
believe tia\el latei to the follicle cells and fiom theie to the 
oocyte The following obseivations aie in favoui of the above 
statement — 

1 The cells of theca inteina immediate^ outside the 
folliculai cells have veiy pi eminent Golgi bodies At places 
it may be seen tliat the Golgi bodies of seveiai adjacent theca 

. cells anange themselves in a veiy legnlai way facing the folh- 
culai epithehum At this stage they aie "veiy minute in size, 
and at places can be seen actually passing into tlie follicle cells 

2 At ceitain places it may be seen that an exact y 
similai low of Golgi bodies as described above occupy tie 
outer zone of follicle cells It seems piobable that these have 
been impoited fiom outside, le, fiom theca cells. 
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The tiue yolk appeals to be foimed fiom mitochondiia 
In Champy pieparations a giadual swelling of milocliondua 
can easily be obseived These swollen mitochondiia, m most 
casesj become enveloped in vacuoles and undergo fuitliei develop- 
ment theiein This piocess of conveision of the mitochondiia 
into yolk bodies seems to take place mostly when the foimer 
he at the peuplieiy of the egg The piocess is veiy much the 
same as that described by Van Durme (20) in buds, by Bram- 
bell (2) in tlie fowl, and by Bhattachaiya (3) in toitoises 
Champy piepaiations weie stained by the Champy-Kull method 
The mitochondiia become stained led and yolk-discs appeal 
to have a deep blown eoloui The vaiious stages'in the convei- 
sion of mitochondria into yolk bodies aie not difficult to follow 

SUMMARY 

1 The Golgi bodies acquire the usual juxtanuclear position in the 
early stages of development at one pole of the nucleus Later on they 
take a perinuclear position and are soon replaced by a fatty yolk layer 

2 The Golgi bodies of the cells of the egg membranes at a 
particular stage seem to acquue unusual activity and travel through 
the f-ona ladiata into the cortex of the egg Here they arrange 
themselves into a dust-like coitical layer of extremely minute 
granules What further part they play in the development of the 
egg IS uncertain 

3 Mitochondria in the early stages forima cap-like dense cloud 
over one pole of the nucleus Subsequently they become distributed 
throughout the cytoplasm In older oocytes a peupheral zone of 
mitochondria becomes noticeable 

4 In very young ooeyte fat droplets or yolk become a char- 
acteristic featuie of the developing oocjtes The perinuclear layer 
of the Golgi bodies is soon replaced by the fatty yolk which appears 
to have started formation even when the Golgi apparatus lies in the 
region which is generally designated as the yoIk-nucIeus of Balbiam 
or the dense protoplasmic aiea adjacent to the nucleus There seems 
little doubt that the Golgi bodies become dnecfcly oi indn ectly con- 
veited into fatty yolk oi what others call fatty vacuoles or dioplets 

5 True yolk appears to be formed by the direct metamorphosis 
of mitochondiia inside a vacuole Neither nucleus nor cytoplasm 
appeals to take a dnect part m the foimation of the true yolk bodies 
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ON ECHINORHYNCHUS SP INQ. PROM 
COMMON CROWS, CORVUS CORAX 
AND CORVUS SPLENDENS, OF 
ALLAHABAD 

BY 

M N DATTA, M Sc , 

Empiess Victoria Reader, Zoology Depaitment, 
University of Allahabad ‘ 

Tlie two common species of eiow, Coivus cozax and Coivus 
splendens, found at Allahabad are geneially infected with 
Echinoihynehus sp inq Out of 24 ciows shot in January, 
192G, 18 hai homed this paiasite in the posterioi pait of then 
intestine They aie firmly attached to the wall by lecuived 
spines on the pioboscis, while then bodies hang fieely in the 
lumen of the gut All the woims are geneially found attached 
in one pait of the intestine within 2 oi 3 inches of its length 
Only in two cases I found them living away fiom other=! 
One specimen howevei was found neai the cloaca, » c , about 
4 inches away fiom the otheis which existed in the mtestine 
The infected poition of the intestine aftei it wa= slit open was 
shaken vigoiously in watei foi some tune in oidei to sepaiale 
the paiasites from the wall but they did not detach The 
proboscis in fully matuie specimens is so deeply fixed that it is 
not easy to sepaiate it from the wall Deep wounds are caused 
m the wall at the points of attachment aftei the paiasites aie 
carefully sepaiated 

The pioboscis is oval in shape and studded with spines which 
aie aiianged in 28—30 rows each, compusing S— 12 spines 
On account of its deep penetiation rounded ulceis are produced 
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on the outei suiface of the intestinal wall, b}' the piesence of 
which it becomes easy to leeognise the infected poition of the 
intestine Specimens of smallei size, however, do not produce 
such iilcois The body which hangs fieely m the lumen of 
the gilt appears geneially shiunken and shoivs maiks of external 
anmilation These maiks, howei'ei, disappeai and the body 
becomes smooth aftei death oi aftei the live worms have been 


kept in salt solution foi some time They perfonn sluggish 
movements by contiacting and expanding the bod)^, but they 
cannot mo\e in a p.uticulai duection even'foi a shoit distance 
They have been geneially obsei\ed not to live loi more than 
4-5 houis in salt solution In a ciow dissected 18 hours aftei 
it was shot 3 out of 15 specimens weie found living 'IVhen 
the specimens died m the body of the host they sepaiatedfiom 
the wall and weie found in a straightened condition floating 
among the contents of the gut 

The length vanes aecoiding to the age from 16 — 24 mm 
and the bieadth fiom 2 — 45 mm The male specimens aie 
always smaller and less hi oad as the measurement given in 
tables 2 and 8 of the male and female specimens lespectively 
will show The body is cylindrical somewhat tapering towaids 
both ends The postenoi extiemity is blunt and rounded while 
oval piobo'icis foims the antenoi part, which can be eompletety 
letiacted into the pi oboscis sheath The neck in this species 
IS absent Southwell and Maefie (1925) define the neck as 
that poition which lies between the base ot the proboscis 
and the antenoi end of the body Its piesence oi absence is 
of great importance in the systematic study In the woim 
undei description theie exists only a constnetion at the base of 
t le proboscis between it and the body but there is no distinct 
neck (Figs 1—3) 


Pi oboscis (Fig 4) IS oral m shape and 2 by 1 5-2 mm 
It IS aimed nith rows of fine leciuved hooks which . 
ladially and syrnmetncally aiianged The proboscis can 
oulmanly letacted h. a hollow moscula. bag „,th dou 
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wa]Is~the pioboscis sbeatli “The teim ‘Pioboscis’ is applied 
to tliat process at the anteiioi extiemity of the body which is 
used as an oigan of fixation” (Southwell and Macfie, 1925) 

The spines (Figs 5 and 6) aie chitmous They aie ladially 
aiianged in regular eiiculai lows The numbei of rows vanes 
from 28 — 30 in an individual and the numbei of spines in a low 
fioni 8 — 12 The spines in the middle of the proboscis are 
longer and stouter They aie simple having a recurved shape 
T'uth a thick base and fine-pointed end The base passes 
inyanably into the chitmous platform of a lectangulai outline 
which remains embedded in the slnn, which covers generally 
the basal portion of the spines also (Figs 5 — 7) Tables 2 and 
3 give measuieinents of the spines 

The coloui of the body is olive thioughout its length m 
the male specimens but in the female it is gieemsh, while in 
fived ones, it is giey with some dull black patches in the middle 
of the body 

The body wall (Fig 10) consists externally of a thin layei 
of cuticle undei which hes the thick subjacent hypodermis 
The hypodeimis consists of a fibrous tissue with no defimte 
outhnes in which there he scatteied many groups of piominent 
and a few groups of small nuclei It is traversed by a system 
of canals foimmg a regular network, known as the Canaliculai 
System (Fig 9), with a few big longitudinal canals and a laige 
number of fine anastomosing branches The canals are filled 
With a semi-flmd substance and m sections of the worm appeal 
lu the foiin of innumeiable cavities oi chinks Inwaids to 
submucosa there lies a layer of longitudinal muscle fibres 
followed by a layei of ciiculai muscle fibres, then follows a 
Ihick layer of spongy fibious tissue which is full of niegular 
cavities Hamann consideis it to be composed of elastic fibies 
and a viscid gelatinous connective substance A regularly 
broken layer of thiek-walled hollow musculai fibies which m 
‘sections piesent the appearance of cut tubes, foims the innei- 
niost part 
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On each side of the pioboscis slieath tlieie lie^ a muscular 
fold which aiises from theanteiioi end of the woim ]ust behind 
the constiiction at the base of the pioboscis These two stiuc- 
tuiesaie called Lemmsci (Fig 11 ), which being continuation of 
th'e body wall aie composed mainly of the subjacent hypodei- 
mis and the musculai layei^ As then length vai les in different 
geneia, then measmements aie of some impoitance fiom the 
systematic point of new The piopoition of then size to 
that of the body is subject to variation owing to the conti acted 
and expanded state of specimens duiing fixation. 

The pioboscis sheath (Fig 11) is a hollow bag banging 
inside the body cavity It is composed of two layer s of muscle 
fibies similar to those of the body wall At its jDOsteiior end 
aie attached a certain number of long muscular bands which 
extend backwards and are attached to the body wall at 
diffeient lengths in the middle thud portion of the body They 
constitute what is known as the motor apparatus of the 
proboscis, which is a fingei -shaped hollow process of the body 
wall This motoi appaiatus exists obviously for its protrusion 
and retraction 

The male genitalia (Fig 1^) consist of 2 testes, vasa 
efferentia, vas defer ens, seminal vescicle, pi estate glands, penis, 
and huisa The 2 testes, which aie nearly equal in size, are 
oval in shape and he one behind the other in the anterioi 
one-third of the body behind the lemmsci The antenoi 
te‘^tes IS situated about 3-4 mm behind the antenoi end of the 
body Then length vanes from 1 25-1 *80 mm and breadth 
from 0 7-1 mm m fully mature specimens. An efferent duet is 
given out from each testis to cany its contents The vasa 
efferentia which anse one from each testis run along the sides of 
the lattei for some distance befoie they join to foim the vas 
deferens The vas defeiens is a long thick tube with a con- 
stnction m the middle, presenting a dumb-hell-4iaped appeal ance 
vith the anterior end more swollen It gradually nanows 
towards the postenor end to foim the musculai pern's m which 
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it ends Its length vanes horn 16-2 5 mm The piostate 
glands aie 6 lod-hke stiuctuies closely attached to one anotliei 
They do not aiise at tlie same place , on the othei hand tlieii 
- points of commencement vaiy The fiist gland aiises just 
belimd the posteiioi testis which it sometimes touches, while 
the second aiises a little behind The third and the fouith 
aiisfc togethei at the same level a httle fuithei back Situated 
alongside of fiist and second, the fiftli arises on the vential 
surface near the middle of the mass loimed by the four pios- 
tates mentioned above and limning foi a short distance ends 
above the seminal vesicle But befoie it teiminates the sixth 
piostate takes its oiigin All the six glands ultimately unite 
togethei to open ventially at then posterior extremity into the 
vas deferens, just in fiont of the opening of the vesicula 
seminahs into the lattei The histology of the piostate gland 
will be descubed in a subsequent paper It may be mentioned 
here that the glands appear as solid elongated sti uctuies, the 
laige cential poitions of which are filled with a granular 
secretory substance and the walls are mainly composed of a 
thick connective tissue layer (Fig 15) 

The seminal vesicle is a peai-shaped structure with thin 
Avalh, which opens on the right side near the exuemity of the 
vas deferens, * ", at the oiigin of the penis 

The genital organs with then ducts and the prostate 
glands are all covered by a thin membrane of connective tissue 
which becomes thicker having a legiilai ciiculai outline in the 
region of the vesicula seminahs 

The terminal pait of the i^as defeiens passes into the 
perns, winch is conical and has thick mu'^culai vails It 
seems that the penis is not the mam copulatory oigan With 
the help of the buisa, to be described piesently, it reaches the 
vagina of the female, into which it ejects the semen in the 
final stage of sexual congiess 

' The Buisa (Fig 7) is a cuticulai funnel-shaped stiuctuie 
which noimally lies in a retracted condition in the body 
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cavily Duimg copulation oi ivlien tlie animal is piessed it is 
elected entnely appealing like a bell-sliaped stiuctiue bounded 
at tbe end by fine fnlls The penis hangs within it at the 
top Two sac-like structures, called the Sacs oi the Buisa, aie 
situated one on each side neai the base o£ the penis on 
the inuei side of the bursa in its eveited condition During 
mating the bursa is thiust into the vagina and so helps the 
short penis to deposit the discharge at a suitable place without 
spilling it outside the body of the female 

The Ovaiy is present only in young specimens At the 
end of the post-laival stage it bursts libeiating the egg masses 
(Fig 8) which float about m laige numbeis iii the body 
cavity The egg masses give nse to the innuineiable ova 
which in sexually mature specimens congest the body cavity 
forming its mam contents An egg mass is an elongated, moie 
or less elliptical or oval body which is composed of a sheet of 
cytoplasm containing egg cells at various stages of develop- 
ment (Fig 22) It IS covered outside by a thm connective 
tissue layei The eggs found in tlie body cavity are not at the 
same stage of maturity The mature eggs (Fig 23) are distin- 
guished by the presence of three concentnc memlnanes as then 
walls and hooks aiianged in a ring at the bioadei end of the 
embryo They are brown in colour and have an elongated 
elliptical ';hape Then size ranges from 0 042-0 066 by 
0 016-0 028 mm 

The Bell oi the Uterine Bell (Fig 17), as it is sometimes 
called, IS the anterior pait of the oviduct which continues 
behind into the Uteius It is attached by means of a ligament 
which arises fiom the posteiioi end of the pioboscis sheath, 
called the Suspensory Ligament Its posteiioi end passes 
thiough the cavitj' of the bell to be attached to its side walls 
The total length of the genital appaiatiis (Fig 16), from the 
commencement of the bell to the ATilva, is t 45-2 6 mm The 
hell IS a miwcular canal piovided with apeituies at both the 
ends Its infenoi' (posterior) opening is in direct communication 
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With the bocI)r cavity The auterioi oiifioe takes up 
all mateiial floating in the body cavit}^, egg balls oi egg masses, 
immatiiie and matin e eggs The lumen of the bell m the 
middle of its length is leduced consideiably on account of a 
number of huge cells which project into it fiom the vails 
These cells aie arianged in live pans, 3 doisal pans of laige 
and 2 lalei.d pans of lelatn el}' small cells Then aiiangeraent 
is such that only ova of a certain size can pass thiough the 
lumen enclosed by these cells and entei theiiteius, while those 
which aie not alloved to pass through aie returned into 
the body cavity thiough iJie infeiioi opening This is a 
kind of SOI ting aiiangement enabling only the matuie ova to 
get out 

The uteins is 0 73-125 mm long and 0 07-008 mm 
bioad Its anteuoi end is funnel-shaped and is m continuation 
with the bell in fiont It has thick musculai walls Very 
laige number of ova aio accommodated in the lumen owing to 
the gieat expansion of the walls at ceitain time of the yeai, 
te, about the month of January to March Aftei ,the ova 
are discharged the walls appear somewhat flabby The uterus 
leads into a peai -shaped vagina, which is laige anteriorly and 
constricted and naiiow at its poster loi end It is 037-0 82 
mm ui length and, 0113 mm in bieadth in its antenoi 
portion and 0 07-0 08 mm in bieadth at its posteiioi end 
Its walls aie veiy thick and musculai and contain also laige 
glands (the Vaginal Glands) (Fig 20), with piominent nuclei, 
which suiround the lumen and poui their secietion into it 
The fibies of the muscular layer are aiianged in a spiral 
mannei aiound the lumen moie oi less like the diaphragm 
below the stage of the micioscope The vaginal canal is 
surrounded by sphinctei muscles, the anteiioi one bemg situated 
just at the base of its bioad poition and the posteiioi a little in 
front of the opening of the vulva The vulva is surrounded by 
two large flat cells which control its opening The posteiioi 
portion of the vaginal canal is so naiiow that only one ovum can 
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Table 1 — (concluded) 
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Table 2 

Measurements of Male Specimens 
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Measurements of Female Specimens 
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Tabm 4 

Measurements of Female Gemtalia 
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REFERENCES TO FIGURES 


asf— anterior sphinctei muscles 
b— buisa 

brc — branching of the cential 
canal 

bw— body wall 
c— cuticle 

cb— cells of the bell 
cc— central canal of the pi estate 
gland 

cm— circular muscle fibies 
cw — concentric walls of the ova 

d— ducts of the vaginal glands 
df — vas deferens 
do — developing ova 
ef— efferent ducts 
egm— egg mass 
fga— female genital apertuie 
fb — funnel-lihe opening of the 
bursa 

gs granular secretion of the 
prostate glands 
10 — infenoi opening 

sb — sacs of the bursa 
sv — seminal \esicle 
spw— spongy portion of the body 
wall 
sp — spines 
8 


1 — lemnisci 
Ig— ligament 

Im — longitudinal muscle fibies 

Imb— longitudinal muscle bands 
Ip — pnncipal lacunae oi canal 
lu — lumen of the vagina 
Is— secondary oi anastomosing 
canals 

Ivc — lining of the vaginal canal 
mf — muscle fibres suirounding 
the genitalia 

nivw — muscles of the vaginal wall 
n — nucleus 
o — ova 
p — penis 

pg — pi estate glands 

pr— probosci ‘1 

pis — pioboscis sheath 

p 3 £ — posterior sphinctei muscles 

rb— rectangulai base ot the 

spine 
ut uterus 
utb— uterine bell 
yvi — uterine wall 

V — vagina 
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sm— Bpiial muscle fibres of the vgl— vaginal glands 
vaginal ivall 

t testes ■'^P — muscular plate neai vulva 

th— tuft of books 01 spines 


1 

2 

3 

i 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 
I'j 
16 

17 

18 
19 


DESCRIPTION OP FIGURES 

A portion of tbe infected intestine of crov? sliowing tbe 
worms attached 

Male Ecliinoryncbus with butsa everted 
Female Echmorhynchus 

Anterior portion of the worm showing the proboscis, 
proboscis sheath and the arrangement of spines on the 
proboscis 

A portion of the proboscis magnified showing the arrange- 
ment of spines 

Spines with rectangular roots, taken out from the proboscis 
Posterior portion of the male worm showing esected bursa, 
sacs of the bursa and penis 

Posterior portion of the female worm showing genital 
aperture, vagina, a portion of the uterus and egg masses 
A portion of the body wall showing principal lacunae oi 
canal and secondary or anastomosing canals 
T S of the body wall showing the different layei s 
Anteiioi portion of a female worm showing lem nisei, a 
portion of the proboscis ^heath with the nerve fibres 
coming out from its middle part 
T S through the proboscis showing the spines, different 
layers of the bodv wall and piobobcis sheath 
Male genitalia showing testes, prostate glands, effeient 
ducts, vas deferens, seminal vesicle penis and buisa 
T S through the posterior region of the prostatic mas t ; 

showing the relative position of the 6 glands 
T S of the prostate gland magnified showing the wall, 
central canal and its contents— the gianular secretion 
Female genitalia showing bell, mfeiioi opening, cells of 
the bell, uteins, vagina, sphincters and vaginal glands 
Bell magnified 

T S through the bell, pissing thiough the middle legion 

^ region of the inferior 

opening 




PLATE II 




PLATE 111 














ON ECHINORHYNCHUS SP INQ ”rROM C05BI0N CROWS 59 


20 Posterior portion of the female .genitalia magnified, showing 

the \agina, vaginal glands, sphincters, vaginal plates, etc , 
and spiial mnscle fibres of the wall 

21 T S through the vagina showing nil the parts including 

a portion of the duct of the vaginal gland 

22 T S through one egg mass showing many sections of ova 

at different stages of development 

23 One complete ovum 


ADDENDUM 

Marval (1902) has described three species of Echinoihynchus, i c , 
E pigmentatus, E rostratus and E compressus, from crows (Corvus 
corono, G frugilcgus, C corniv and C raonedula), characteristics of 
which are briefly mentioned in Table 6, but tlie species described 
by me as Echinoihynchus sp inq diffeis from them in the follow- 
ing features — 

(1) Sire and shape of the body, (2) sire and shape of the 
pioboscis, (3) size and shape of the proboscis sheath, (4) number and 
shape of spines, (5) shape of the basal piece, (6) the numbei and 
arrangement of retractor cephaliques, and (7) the presence of vagina 
with muscular sphincters, as will be seen in the table These points 
are of sufficient importance to give it the rank of a new species for 
which I propose the name Echinorhynchiis rnbustus It, however, 
resembles closely E pigmentatus in the size of the body, numbei of 
rows of spines and their shape, and presence of canalicular system 

REFERENCE 

Marval, L (1902)— Etude sui quelques Echinorhynques d’ oise- 
aux Ai cli. parast V, pp 485 — 489 
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1 Introduction and previous avork on the 

PlEURO GENETINAE 

Ratui tigiina — the coiiiinoii Indian fiog is geneialJy 
lound infected in Noithein India with Gcoico Ug) iinan n sp , 
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Flen) ogenes gash oim as Luhe var equalis d yai and P) oso- 
iociis indtcHs n sp , the species of the thiee diffeient geneia 
>jrluch coDstitute the sub-faiiuly Pleuiogenetmae In South- 
ern India this fiog is infected with (? Glottoides vai inadia- 
sensis n vai All the above mentioned species are desciibed 
in the piesent papei and as the literatine on the subject 
IS scatteied and mostly in Geiman, it has been considered 
desiiable to give as fai as possible a complete account of 
the sub-family 

The Pleurogenetinac was established in 1899 bj Looss 
( 7 ) who included in it Piosofocns vonfmus Lss^ 
Pi osotocns teaei Lss, Pleio ogenes medians Olss, Phw ogenes 
Glamgei Rud Klein (i) in 1905 founded the genus 
Ganeo from Bann hcxadacUda^ a iiog fiom Madias He was 
not suie about the position of this genus Though he in- 
cluded it in the Pleuiogenetmae, he considered it to be 
very different from the othei geneia of the sub-fannly He 
included the species Pi osofociis confnsns Lss and Pi osofocns 
ten&i Lss undei Pleui ogenes in his kei of the species 
of the genus Pleuiogenes (4) Odhnei (15) in 1911 
constituted a new farndv Lecithodendiiidac and subdivided 
it into tv. 0 sub-familios Locithodendiiinae and Pleui ogene- 
tmae, ai hich he clearly defined He discussed the position 
of the genus Ganeo and assigned to it definitely a position 
m the Pleuiogenetmae m which he also suggested the 
inclusion of the genus Biandesni Stoss Nickerson (14) 
had described m Disioinnm aicannin horn the closed. 
cysts sunoundmg the pyloius of the common fiog found 
m North America This species, which was included m a new 
genus Lowgenes by Stafloid (21) in 1905 and re- 
descnbed by Osborn ( 16 ) m 1909 Odhner ( 15 ) 
considered to be undoubtedly a Pleui ogenehne Klein 

( 4 ) m 1905 had included it m his key under the 
name ot Pleui ogenes aicanus Pleuiogenes gastiopoins was 
discoveied by Lube m 1901 fiom an Indian frog Sana 
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ciiaiiopJtlydis Ivlem (4) desciibed in 1905 Pleidogenes 
i>pJie) ictfs fiom B hexadactyla and Johnston (3) m 
1912 P fieijcineti and P solus fiom Austialian fiogs 
Ozaki (17) in 1926 desciibed P Lohatus fiom the 
bile duct of the Japanese hog Poly pedafes haeujet i (Sclilegel) 
Pi owlociis teiiC) Lss is the only Plemogenetine Avhich is 
not found in Anuia, but in Ghaiiiucko basilistus Sciajabin 
(18) in 1922 desciibed Gaiteo ylottoidcs out (ifiicanu 
fiom one of the African fiogs Bhaleiao (1) in 1926 
mentioned the existence of Gaiieo ylottoidcs m liana tuji ina 
at Allahabad, but he gave no desciiption It is Amiy lilcely 
the species desciibed in this papei undei the name of Ganeo 
h<j) inn in 

It was a tioublesonie question to both Looss and 
Lulie to decide the systematic position of the Lecitho* 
dendiiinae and Bracliycoelunae The resemblance between 
the geneia Biathycoelum and Lccithodendi iiirn as shown by 
the well-known species Br salaniambae-Distomum tiassi- 
colle Bud was at one time consideied to be so gieat tliat the 
lattei species Avas assigned by Lube to the genus Lecithoden- 
d? luni — a position aa Inch aa'us contested by Looss (9) and 
Avhicli consequently tuined the Lecithodendiunae into dis- 
faAmui so much so that all the geneia belonging to it Avoie 
assigned to the sub family Biachymoeliinae Lss Tmlie (11) 
adopted this lattei course m the Sussav asserfauna Deutsch- 
lands Odhnei (.15) in 1911 lemoved all the geneia 
except Bi achycoclium fiom the Biachycoeliinae and included 
them in the sub-family Lecithodendninae, Avhich then is the 
Biachycoelimae IjSs minus B) achycoelniin The lattei 
genus jcoinpi ising the Biachycoelimae Avas assigned by him to 
the family Licrocoelidae Cort (2) and aa^ (12) found 
this position untenable and assigned it to the family Lepodci- 
iiiatidae (Plagioichiidae) Odhnei ’s view about the i elation- 
ships ot the sub-families Lecithodendiunae and Pleuiogene- 
tinac appeals acceptable in view of the fact that the genus 
9 
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Ganeo like Leuihodemh inm and Pycnopoitis lacks the 
tine CUIUS sac In Ganeo glottoides as well as m its varieties 
a pseudocirrus sac is present, while in Ganeo tig) mum even 
this IS absent The shape of the excietoi} bladder is also 
similai in the tuo sub-families But a fuithei knowledge of 
the Leoithodcndmnae is necessaiy befoie we can give our 
final opinion about this question 

We offei oui sinceiest thanks to Professor Ram Muni 
Mcnonfoi sending us the live specimens of Sana tic/j ina from 
Madias, which fuimshed us with a faiily good numbei of 
Gaiico glottoides vco mad) asensis and to Ma}Oi R B Seymour 
Sewell Vtho alwajs put ungrudgingly the libiaij facilities of 
the Indian Museum at oui disposal at A.llahabad 

2 (Ianeo tigbinum n. sp 

Ganeo tig) uiMH was found in the posteiioi tliiee-fourth 
pait of the small intestine and lectuin of Ra)ia iiqima 
Out of eightj -nine specimens examined, nineteen haiboured 
this parasite , it appears theiefoie that neaily one out of 
every faie frogs is lufected with it, and that next to T)e))ito)- 
chis ) ana) 10)1 Meliia and syn Cent) ovitus pe)itadeli)Jn 
B/ialevao (1) it is the commonest Tieraatode found in 
this fiog The number ot parasites in a host is variable, 
h^e frogs were tound infected with 1, 2, 9, 23 and 50 speci- 
mens lespectivelv The distoiiies aie attached to the wall 
of the intestine bj the ventral sucker and do not get easily 
detached when the intestine is opened When put in a 
watch-glass in Avatei oi salt solution thej float about raising 
the antoiioi and contracting other portions of the body In 
the intestine ot the host the^ have been observed to move by 
then suckers and spines The body has a great power of 
extension and contiaction Vaiious methods Aveie tried to 
keep them alive outside the bod^ of the host in nutritive 
solutions as vill he seen fioiu Table I Five specimens lived 
tor 264 houis and four tor 125 hours This species is less 
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susceptible to vaiying conditions of diet and tempeiatuie and 
IS liettei able to adapt itself to changed conditions than 
Ticmwichis lancDum In sumniei they could not survive in 
similai solutions foi more than 52 houis The Tieinatode 
measuies 2*5 — 5 7 mm in length ivlien alive The smallest 
sexually mature individual contained a large number of eggs 
in the coils of its uterus The detailed measuicments of the 
length and breadth of living specimens aie given in Table 11 

TAmuE I 


^fid-wintei (December and January) tempeiatuie of 
Lab 65®— 70° F 
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6 

4 
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1 
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1 

1 3G 1 

24 

One for 121> 
hours 

36 

Five for 
264 hours 

48 ' 

1 

48 

126 


In entire mounts the length measuied 2 4 3 7 mm and 

the breadth 96 — 1 63 mm at the level of the posterioi end 
of the vitellaiia, 1 14 — 1 37 at that of then anterior end and 
72— 99 nun at that of the genital opening The above mea- 
suioraents sho^v a great lange of variabilitj* in their size 
The colour is giey The body giaduallyinci eases m breadth 
from the anteiioi to the posteiioi extiemity and is bioadei 
near the lattei than in any other pait , its anteiior extiemity 
IS bluntly pointed and the posteiioi has a someivliat rounded 
outline The suiface of the bodv is completely coveie 
with small spines of a tiiangular shape closely set in 
irregular rows The spines are more numerous aroun 


















GS THE ALTjAHABAD hniversity studies 

the oval suckei wheie they aie also somewhat larger in size , 
then distal end is pointed unlike that of the spines of G 
glottoides In the lattei species they are mainly piesent in 
the anteiior part of the body , then number becomes much 
smallei behind the vential suckei and they aie completely 
absent behind the end of the intestinal caeca The suckers 
aie nearly sphei ical in outline The vential suckei is dis- 
tinctly laigei than the oial and beais to it a latio of 3 2 as 
will be seen fiom Table III 


TABim II 


Living Specimens 


Length of vnllu idual 

Width of the region 
containing ven- 
tral sucker 

1 

Width of the region m 
which intestinal 
caeca end 

2o9 

1 02 

99 

3 1 

11 

1 05 

1 

33 

1 5 

1 2 

1 

57 

1 8 

1 8 

36 

1 T 

18 

1 


Klein ( i ) does not give anv descuption nor measui ements 
of the suckei s in G gJoftoules, but fiom Ins figines it appeals 
that the oial suckei is laigei than the ventral suckei — a con- 
dition quite lei else ot that in oui species The oial sucker 
occupies a subteiiniiial position on the vential surface and is 
sill rounded by spines which aie somewhat laigei than those 
elsevhere The vential sucker lies at about one-third dis- 
tance fiom the anterior end as the measui ements gnen in 
Table lA’’ amU shov 
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Table III 


Diameter of oial suokei 

Diameter of venti al sucker 

12 

18 

13 

18 

19 

27 

24 

33 

18 

27 

- 

« < > 


Table IV 


Length in front of ventral 
sucker 

LengtJi behind ventral sucker 

1005 

2 13 

1 6 

2 1 

1 9 

35 

1 1 

23 

1 3 

31 


TJie genital opening lies on the venhal suiface near the 
left sidenlaigm of the body at about *6 — 9 him distance fiom 
tlie anteiioi end as examined in living specimens It is situ- 
ated at about the level of the middle of the oesophagus oi 
its commencement neaiei the intestinal bifui cation than 
the oial suckei Its position vanes Avithin nariow limits 
fiom individual to individual and iieaily coriesponds to that 
given foi G glottoides Klein The excietoiy opening lies on 
the Agential suiface a little distance in fiont of the posteiioi 
end of the body 

The mouth lies at the bottom of the subteimmal oial 
sackei and opens into a small thin-Avalled piephanniv of 06— 
08mm length, Avliich is followed by a thick- aa ailed globulai 
phaiAnx nieasuiing 07 — 12 mm mdiametei, ic , about half 
thcdiametei of the oial suckei The oesophagus is a naiioii 
tube of 66 — fa inm length , it is modeiateh long and inns 
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in the middle line between the oial and vential suckers. It bi- 
furcates into two intestinal caeca in fiont of the testes and much 
in fiont of the ventral suckei The intestinal caeca extend 
a little distance beyond the vitellana occupying fth pait 
of body in fully matuie specimens and about l-th in in- 
dividuals which are less aiature They are swollen at the 
posteiior extremity , but they do not, however, broaden gradu- 
ally Each caecum lies in the centie between the margin 
and the middle line of the body The right one is a little longer 
than the left, but the difference is by no means so pronounced 
as in G glottoides Klein or in G glottoides vm niadrasensis 
In G glottoides ven afi team Scr]abin both the caeca 
reach near the hinder end of the body Scrjabin remaiks 
“In comparing the A-fiican paiasite with the Indian it is 
first of all noticeable that the intestinal trunks in the 
foimer nearly leachthe hinder end of the body, wheieas in 
the latter the blind extremities of the intestine are fat 
from the end of the body (see Fig 6 in Klein’s work) 
Howevei, this character IS of no specific value ns in several 
specimens of G glottoides Klein observed a different length of 
the intestinal trunk ” It may be pointed out that Klein 
never found both of them teaching near the posterior end of 
the body 

The reproductive organs except the vitellana and the 
coils of the uterus he in the anteiior half of the body The 
testes and the ovary are situated near one another but not 
apposed to each othei as in G glottoides Klein , on the 
other hand, they ai e quite separated and can be easily dis- 
tinguished whether in living oi preserved specimens Botli 
the testes he obliquely behind each otliei in the anterior 
one-tbird body in fiont of the ventral sucker and are nearly 
spherical in outline The anteiioi testis is situated imme- 
diately behind the intestinal bifurcation in the space between 
intestinal caeca, while the posteiior lies in fiont of ventral 
sucker or sometimes at the same level with it close to the 
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light iiitostmal caecum and coveis it sometimes paitly on the 
doisal side The anteiioi testis of 0 21 — 0 03 mm diametei is 
smallei than tlio posteiioi testis which has 0 27 — 0 36 mm 
diameter In the position of the gonads this species comes neai 
Gr glottoides Klein, the only noticeable dilfeience being 
then sepal ation fioni one anothei In G glottoides vai 
a fi luma then position is shifted backwaids so that the anteiioi 
testis occupies the position of the posteiioi testis of G glottoides 
Klein, and the posteiioi testis has been pushed behind the 
vential suckei occupying the position of the ovaiy of the 
lattei, while the ovaiy is shifted towaids the left side behind 
the vential suckei In G glottoides vai mad) asensis all 
the gonads have been shifted fuithei back to a position 
behind the vential suckei and the testes aic so displaced 
that instead of lying one behind the othei they he one 
on each side The diffeience in the position of the gonads 
though quite staking in the two vaueties should not be 
consideied as specific in view of the fact that this species 
shows a lemarkable lange of vaiiation in the topogiaphy of 
those oigans 

The vesicula seniinahs has inoie oi less the same appeai- 
ance, i e , the foiin of a coiled bladdei as m G glottoides 
Klein, but the long naiiow tube into which it continues 
befoic it opens into the pais piostatica is absent in oui 
species Its foiin depends gieatly on its dimensions due 
to the measuie of its contents and the conditions of piesei- 
vation, but it has almost always the foim of a U-shaped loop 
filled with speims Its nan ow distal pait befoie it opens 
into the pais piostatica is somewhat swollen and has a 
lounded outline The pars piostatica is a laige, elongated 
peai -shaped chamber having neaily the same shape as in 
G glottoides It IS 0 32 ram in length and 0 1 mm in maximum 
breadth and gradually becomes naiiow towaids the distal 
end to foim a emus, Avliich appeals shaiply sepaiated 
fiom It The epithelium lining the' seminal vesicle consists 
10 
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of veiY thm flat cells Avhich aie coveied outside by a thin 
layei of lons^itudinal inusclo fibies The cells lining tlife 
pais pi'ostatica are always enlarged inwards owing to the 
inwaid flow of the piostatic secietion Ihiough them and con- 
sequently cncioach a good deal upon the lumen The cells of 
the opposite walls hcconie so CKpanded by the accumulated 
secietion within them that they come neai each othei filling 
a gieat poition of the lumen of the duct In exticmo cases 
of inatuiity the cells dcgeneiate, bieak down and become 
moie 01 less completely leplaced by the secietion passing 
thiough them into the lumen Such i elation of the 
piostate cells with the pais-piostatica has been desciihed 





> 


'ILM riGTiri 1 — Vas 1 fieri m aifaratus or G iigrinom 

c cirrus , g a , genital alruim, v g , proslutp gland cells , p p , p irs prostatien 
1 stm vesicuh sominalis , u , terminal part of uterus 
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bctoie (12), and ^^6 belieAe that it is of umveisal occui lence 
m the Tiematoda, wheio tlie pi estate gland cells exist 
It IS lemaikable that it leseinbles closolythat of the piostato 
cells and the atuuni in the Miciodiili The epithelium is 
suiiouiided by a thin layei ol longitudinal muscle fibies, 
which IS continuous with that of the cuius to be deseiied 
latei The pi estate gland cells, which appeal somewhat daik 
in living specimens aie huge and conical , they be in enoi- 
nious nuinbcis aiouiid the pais-piostatica, in -whose walls 
they poui then secietion by long naiiow ductules Then 
bioad outei ends contain a gtanulai basophile cytoplasm 
and a nucleus The cytoplasm in the ductules of the pios- 
tatic cells, as well as that in the epithelial cells of the pais- 
piostatica into which the foimei dischaige then secietion 
is acidophile m leaction The cuius sac oi pseudociiius 
sac IS absent and the piostate cells lie fieely in the paien- 
chyma outside the pais-piostatica Then position and ap" 
peaiance show that they aie parenchymatous in ongin 
lepiesentmg the leplaced paienchyma of this legion The 
male etFeient appaiatus is not enclosed lieie by a mem In a- 
nous paienchymatous sheath — the pseudooiinis sac which is 
a chaiacteiistic featuie of G glottoidcs Klein and G glot- 
toules vai mach asensis The cuius is a thick- walled tube 

0 075 — 0 15 mm in length, i e , about half the length of the 
pais-piostatica andO 051 mm in gieatest bieadth It is some- 
times swollen at the base, ? e , the jiait adjacent to the 
pais-prostatica but otheiwise it is a naiiow tube of a mote 

01 less unifoim bieadth Its wall is composed of a layei of 
longitudinal muscle fibies horn winch theie pi eject mwaids 
a number of spines in legulai lows The lining epithelium 
IS absent The spines aie pointed at the inner end and lie 
fieely in the lumen attached at then base to the musculai 
wall of the cuius They aie 0 013 — 0 017 mm in length and 
aic laigei m the basal than in the teiminal pait The 
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cm US opens into the genita) atrium — a deep depression of 
the body wall lined with a chitinous layei, wliicli is conti- 
nuous outside with that of the body wall thiough the genital 
poie The genital atiiuin is 0 01 — 0 15 mm in length (depth) 
and 0 045 — 0 075 rain in hieadth , it lies on the ventral side 
neai the left boidei of the body extending inwaids fioin the 
genital opening in an obliquely upwaid diiection The 
emus opens into it ventially at the innei end, while the 


A 
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Text no 2 A-0 -Diaqrammaiic view or rrwAEr qenitae organs oe 

A , Q TIGRINDM , B , Pe GASTROrORUS VAR EQUAEIS AND C , Pr INDICES 


o , ovary , 


1 c , Laurer’s canal , r s , rtctplacuUim eeinnus , s g , shell gland , 
t A d , transverse vitollmo dru I , y r , i oik reservoir. 
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uteius opens on the left side in front of it The chitmous 
layei is beset closely with small spines A layei of longitudinal 
muscle fibies continuous with that of the body wall suiiounds 
it outside 


The ovaiy is soincAvliat peai -shaped oi lounded in 
outline and is 0 18 — 0 12 mm in diametei, / e , about foui- 
fifth diametei of the aiiteiioi testis It is situated behind the 
vential suckei and the posteiioi testis to the light side 
The 1 elations of the female ducts aie shown in tcKt-fig 2 
The oviduct aiises fiom the innei maigin of the ovaiy and 
leceives at once the duct ot the leceptaculum seimnis 
The lattei is a flask-shaped stiuctnie placed closely behind 
the vential suckci at the level of the antenoi boidei of the 
vitellaiia with its long axis paiallel to the length of the body 
It vanes consideiablj in size (0 18 mm — 0 39 mm in length 
and 0 075 — 0 24 mm m gieatest bieadtb) , it may be some- 
times though laiely laigei than the ovaiy Its duct which 
leceives the Lauiei’s canal is a little broadei than the lattei 
The Laurel’s canal is a nariow tube which luns foi- 
waids to open on the doisal suiface of the body in fioiit of 
the ovary Both the leceptaculum scminis and Laurel’s 
canal aic lined as usual with epithelium having long cilia_, 
which constantly move outwaids in the direction opposite 
to that of the oviduct The oviduct furthei leceives 
the common vitelline duct fiom the pi eminent vitelline 
leservoii and then continues behind as uteius The 
shell gland cells of the usual foim sui round the ootype, 
i c , the pait of the oviduct between the opening of the 
leceptaculum semmis and the commencement of tlie 
uteius The convolutions of the uteius occupy the space 
between the intestinal caeca m the posterioi half of the body 
They aie so closely ciowded that it is difficult to follow 
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their course, but they he in a transverse diiection having 
nearly the same ariangement as m Gaiieo glottoides Klein 
The windings of the descending pait occupy a doisal posi- 
tion, while those of the ascending pait he ventially It is, 
however, difficult to distinguish them wheie they form a 
compact mass specially neai the intestinal caeca The con- 
volutions aie not so compact neai the posterior end of the 
body as in front , moreovei here they aie piopoitionately 
small and he side by side m close contact with one anothei 
The outgoing part of the uterus passes ventially to the 
receptaculum seminis and to the left side of the ventral 
suckei in fiont contmmng a raoie oi less stiaight couise 
till it passes along the vesicula seminahs and emus sac to 
open into the genital atrium 

The ova aie long oval or elliptical in shape and round- 
ed at both ends measuring 0 3 by 0 015 mm m size Their 
colour when iipe is dark brown. 


The vitellaiia he mostly on the ventral surface of the 
intestinal caeca , they also surround the latter on the sides as 
m G (/lottoides Klein Then position on the ventral side 
of the body in contrast to the usual dorsal position in other 
distomes is a characteristic feature of this genus They ex- 
tend from the posterior border of the ovary to approximately 
half the distance between the vential suckei and the poste- 
rior end of the body and always terminate in front of the 
blind end of the caeca The follicles are closely crowded 
together showing a regular ariangement with a character- 
istic appearance They are oval, pear-shaped or occasionally 
rounded and measure 0 044 — 0 068 mm in maximum dia- 
meter They do not, however, appear to be arranged in 
groups The anterior and posteiioi vitelline ducts join near 
the middle of the body to form the transverse ducts which 
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lun. obliquely to^Yald6 the centre The \utolhne leservoii 
IB faniy laige 

/ 


It IS difficult to study the excretoiy canals propeily in 
entiie mounts oi live specimens on account of the piesonce 
of numerous laige gland cells, ivliich are densely crowded 
in the parenchyma in the antei loi half of the body neai the 
side walls In the posteiior half ot the bodj the same 
difficulty IS pieseuted by the enoimous nunibei of ova 
The canals weie, howevei, seen m the antenoi half of the 
body m young specimens both mounted and alive The 
evcretory poie lies on the vential surface neai the postenoi 
end of the body but it is not terminal It leads into a very 
small lather ludimentaiy median stem of a U-shaped blad- 
der The two limbs oi iiorns of the bladder extend as fai 
forwaids as the vential sucker occupying about two-thiids 
of the length of the body Then anterior ends ai o slightly 
swollen Each limb leceives a common collecting tube, 
nhich runs outwaids almost tiansversely and i eceives the 
anteiior and postenoi collecting tubes at about the level 
of the leceptaculum seinims The distiibution of these 
tubes 18 shown in text-fig 3 Each of the collecting 
tubes leceives tluec accessoiy collecting tubes, each of 
which is supplied bj three capillanes except the anterior- 
most one which i eceives only two capillaries The position 
and aiiangenient of the capillaries can be seen from the 
figure In each capillary gioup the accessory collecting tube 
divides into two blanches, one of which luns diiectly as the 
capillaiy itself and the othei divides furtliei into two capil- 
laries The paired capillaries go to one side and the un- 
paiied one to the othei The flame cells weie not observed 
It IS expected that the postenoi accessoiy collecting tubes 
and then capillanes would correspond in then aiiangement 
aud distnbution to those of the anteiior pait of the excre- 
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toiy system It appeals that foimula foi the excietoiy 
system is tlie same as m Plein ogenes clavige) (5), 3Ia) geaiia 
cnhfo) inensis (2) and Ttemiouhis ‘tanmum (12), 
“2X6X3 ” = 36 

Remarks — Ganeo tig) mum lesembles closely Gcuico 
(jloftoides Klein The resemblance is stiikmg specially in 



Tj \T lie 8 — ExCRETOTII SibTlM OF G IIOEIXOM 

I 1)1 , ixrri tori bladder, e p , excrotori pore, 1 c , ooinnion collcctinB tube 
1 a ct , 1( ft intrijor colkctiiig tube , I p ct , left posterior collectiiif, tubi 
1,>2 8, three acctssori collecting tnbeb 
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such minute chaiacteis as the si7C of the body, position of the 
vential suckei, length and hieadth of the pliarynx, oesopha- 
gus and intestinal caeca, position of the gonads, size of 
the ovaiy and ova, aiiangement of windings of the uteius, 
position of the vitellana and foim of the excretoiy bladdei 
But the impoitant points of difference aie as follows — 

Shape of spines They aie elongated and pointed in G 
hep mum, while in G glotioules they aie scale-like 

(2) Ratio in the size of oial and vential suckers is 

h 8 m 6' (jlottoidcs, 7 6 oi 6 5 in (? glotioides vm 

madi ahonsis, \ 1 in G glottoules vat afjicana and 2 Bin 

G tig) Diimi 

(3) A-hsence of pseudocuius sac 

(4) Absence of long naiiow duct of vesicula seminahs 

(5) Exciotoiy poie is subteiininal and vential in our 

species 

(6) Intestinal caeca aie nearly of the same size 

3 (jANEO GE0TT0IDE8 VAH MADKASENSIS, n Var 

The species was obtained from the small intestine of 
Bana Hgrina sent from Madias by Pi of Ram Muni Menon 
Twenty-two specimens weie collected fiom one frog, two 
fiom the other and one from the thud They wmie thin and 
tianspaient so that by a slight piessuie of the cover glass 
the internal anatomy could be easily seen under a low powei 
The body is flat, somewhat conical, more pointed at the 
anterior than at the postenoi end which is somewhat i ounded 
It is bioadest in the legion containing the vential sucker 
and gonads and giadually tapeis behind till it becomes much 
nairow near the ends of the intestinal caeca It becomes 
narrow also anteiioily in fiont of the genital opening The 
size vanes from 1 64—4 mm in length andO 74—0 98 mm in 
breadth at the level of theventia 1 suckei , and 0 62—0 84 ram 
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at that of the blind end of the left intestinal caecum In 
young specimens of about 1 65 mm length in which the 
uteius IS not developed the breadth at the level of the ven- 
tral suckei IS 0 64 — 0 66 mm and at tliat of the end of the 
left intestinal caecum 0 42 — 0 53 mm The part of the body 
in front of the ventral sucker is coveied by veiy small spines, 
which are only visible under the high powei They gradually 
deciease in number behind the genital opening till they com- 
pletely disappear at about the level of the ventral sucker 

The oial and vential suckers aie neaily spherical in 
outline The ventral sucker hes at about jth length of the 
body from the anteiioi end or at about half the distance 
between the oral sucker and the ovary Its walls are less 
strong than those of the oral suckei The compaiative 
diameters of the two suckei s as seen in entiie mounts are as 
follows — 


1 

Diameter of oral 
sucker 

Diameter of ventral 
sucker 

016 

014 

013 

012 

012 

01 

0 13 

01 


These measurements show that the ratio in their size is about 

7 6 or 6 5 
11 
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Tlio piephaiynx is veiy small and opens into a pharynx 
ol 0 9 mm diamctei The oesophagus is small measuring 
0 14 — ^0 21 mm in length The intestinal bifuication lies 
just in fiont of or at about the level of tlie genital opening 
The light intestinal caecum IS always longei than the left 
one and leachcs about i mm distance in fiontof the posterior 
end of the body The left intestinal caecum occupies about 
three-fouith length of the body Klein (1) found this 
diffeience m the length of the caeca in most of Ins speci- 
mens, but in the pieseiit variety it is seen in eveiy indi- 
vidual ivhethei mature or not 

The testes lie obliquely one on each side behind the 
vential suckei in the posteiioi legion of the anteiioi thud of 
the body , the left testis occupies geneially a slightly 
anteiioi position They are not placed one behind the other 
asinG' glottoides oi G Uijnnum, on the othei hand they lie 
one on each side though not exactly at the same level The 
position of the testes heie shows probably a reveision to the 
piimitive condition bnngmg the genus Ganeo neaiei JPio- 
botocus, PleiM ogenes and Brandesza It is lemaikable that 
the position ot the gonads vanes so profoundly even in 
diffeient vaiicties ot this genus The left testis is situated 
close behind the \outial suckei near the median plane 
separated from the left intestinal caecum by a small distance 
It 13 snb-spheiical oi slightly ovoid and measures 0 18- 
0 82 nun in dianietei The light testis lies to the right side 
of the vontval suckei neat or more often a little behind the 
left testis Goveiing ventially a gieat pait oi the light lutestr 
nal caecum It is somewhat ovoid and slightly largei than 
the left testis measuimg 0 196 — 0 26 mm in length and 
0 21 nun m breadth The i elation ol the testes to each 
othei and to the othei genital oigans lemains tlie same 
thiougUout life The pseudocuius sac is long and slightly 
cuived consisting of a small veitical basal portion and a 
long tiansveise poition It lies in fiont of the testes 
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behind the intestinal bifurcation A\ith its basal poition to 
the light side of the ventral siickei The tiansveise poition 
inns doisally to the left intestinal caecum and becomes 
slightly cuived before it opens into the genital atiium The 
shape and position of the pseudociiius sac diifeis fiom that 
of G glottoules Klein and G glottoides vai afi icana Sciaja- 
bin, though there is nodiffeience in its stiuctuie, which 
is nothing moie than a paienchymatous sheath aiound the 
vas effeient apparatus The vesicula seminalis twisted as 
usual occupies the basal portion of the pseudociiius sac 
It IS followed by a long pais-piostatica suiioiinded by small 
piostate gland cells The genital atimm is shallow and 
eveisible The genital opening lies close beliind or at the 
level of the intestinal bifui cation on the vential suitace near 
the left bordei of the bodj The ovaiy is splieiical in shape 
situated behind the light testis neai the median line and 
IS 0 16 mm in diainetei, i c , nearly half the size of the 
testis The receptaculum seminis of 0 05 by 0 088 mm 
size lies to the right side behind the ovaiy neai the median 
line The shell gland occupies a position inwaids to the 
receptaculum seniims about the centre of the bodj The 
uterus convolutions follow very much the same couise as 
in the othei species The teiniinal pait of the uteius 
as it passes between the two testes lies neai the left one, 
which it ciosses doisally to the left side of the ventral sucker 
to continue its outwaid couise Befoieit opens into the 
genital atiiuui it luns ventially to the ciirus sac The oia 
are elliptical and have 0 027 — 0 03 mm size 

The vitellaiia he mostly on the vential suiface and 
sides of the intestinal caeca, in the middle third pait of the 
body extending fiom the anteiior oi posteiioi boi dei of the 
oval V to about half the distance between it and the posterior 
end of the body and teiniinatmg a little distance m front of 
the blind end of the left intestinal caecum The follicles 
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aie somewhat poai -shaped oi oval They aio thickly ciov. ti- 
ed and Iheir numbei is gcneiallv smaller in the left 
vitellaimm The tiansvci sc ducts arise anterioily, i c 5 at 
about onc-thud length of the vitellaua tiom the antenoi end 
and loin behind the ovaiy to foun the conspicuous leseivoir 
The ewieton opening is teimmal and lies at the postcii- 
01 end of the body The shape of the evcietoiy bladder is 
similai to that of thehpe species The important featmes 
which distinguish this variety fioui G gloftoides Klein are 
the small size of the oesophagus, constant diffei ence in the 
length of the two intestinal caeca, position of the testes one 
on each side of the hodi , position and the stiongly curved 
foim of the psoudocuius sac 

Remauics — Tho genus includes G glokouhn Klein, 
G glotiouUs v(i) afiiui/ta Suaiabm, G gloUoides ?w 
niadiaseaiis, and G iigtuiiimn sp The lesemblanoe in 
the above-uientionecl f 011ns is, howevei, stuking in such 
minute chaiacteis as the size of the body, length andbieadtli 
of phaiynv and oesophagus except in G ghtimdes uaj 
mud} aseimbi position of genital poie, size of ovaiv and ova 
as will be seen in Table VII G glottoides mi af) icana in 
oni opinion deserves the lank of a species The length 
of the intestinal caeca vhieli leaoh neai the postenoi end of 
the body, position of the gonads and the vitellaria appeal 
to be featmes prominent enough as to deseive n specific 
lank In G glottoides Klein the gonads aie closelj apposed 
to one anothei, in G tignmtm they aie separated so that 
the ovary comes to he entirely behind the vential suokei , 
in G glottoides vai afi icana they are pushed fuither back- 
11 ards, so that the anteiioi testis occupies the position of 
the postenoi testis of G glottoides Klein, and the postenoi 
testis that of the ovan of the lattei, iilule the ovaiy lies 
behind tho i entral suckei to the left side In G qlotto%dcs 
vin mach aseiibis both the testes and the ovair lie behind 
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the Tential sucker It appeals that the backward move- 
ment of the testes resulting m the position of the ovaiy 
behind the ventral suckei to the left side m G glottoides 
vai aft icana is a last step in the sequence of events m 
which G Ugt mum shoAva an intei mediate condition The 
vitellaria in this variety end much in fiont of the termina- 
tion of the intestinal caeca 

The systematic position of the genus has been discuss- 
ed by Klein (4) and ,Odhner (15) We also maintain that 
it belongs to the sub-family Pleuiogenetinae Though the 
topogiaphy of the gonads varies lemaikably as mentioned 
above in the diffeient vaiieties of a species, position of the 
testes, one on each side of the body in G glottoides var 
madiasensis shows piobably a case of leveision to the 
primitive condition which is met vuth in the genus 
Pleutogenes It seems that the position of the testes in 
othei species of Ganeo is aberrant foi the sub-family The 
Pleurogenetme characters of the genus Ganeo aie the 
following —genital opening near tlie left bolder in the 
anterioi pait of the body, ovaiy neai the vential sucker to 
the light side oi near the median line, twisted vesicula 
seminahs, well-developed pais-piostatica and prostate gland 
cells, presence of male efferent appaiatus m the anteiioi 
pait of the body, position of testes in G glottoides vat 
madtasensts, aiiaugement of the uteius convolutions, U- 
shaped excretory bladdei AVith a rudimentary median stem 
which can be easilj deiived fiom a V-shaped condition and 
“2X6X3” excietoij system The absence of a true 
musculai emus sac, position of the a itellaria, shape of the 
excietory bladder and absence of a teiminal muscular 
pait of the uterus, ? c , metiaterm aie the impoitant 
differences 

The affinities of the Pleurogenetinae AAith the Lecitho- 
dendiiinae Aveie recognised by Odliner (15), who included 
these tA\ 0 sub-families in the family Lecithodendrudae They 
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are based on tbe presence of a Y-sUaped excretory bladder, 
positron of the A*entcal sucker in tire mrddle of the body, 
srtnation ot the ovai v near it to the right side or about the 
median plane presence of a receptacuhrnr senrinis and a small 
Laurer s canal vitellaria m front of the middle of tlie body 
and disposition of the coniolutions of the uteiiis Though 
Ganeo difters much moie fiom the Lecithodendriinae than 
the Pleuiogenetmae, the absence of ciirus sac brings it 
closer to such genera of the foimer as Lecithodendi mm and 
Pycnopo) us Though the anatomy of this genus is aberrant 
from that of the Pleurogenetmae, there appears to be no 
doubt that it belongs to this sub-family 

4 PlEHROGI-SES GASTBOnOBtrs LbHE XAB EQUALIS , Is yAB 

This species yas obtained by Luhe in 1901 (10) v.ho 
had before him only tiyo specimens YTe obtained specimens 
from four out of eighty -nine frogs of Sana iigmna dis- 
sected at Benaies and Allahabad The number of parasites 
found in a host yas not laige being 2, 3, 4- or 10 The ' 
distomes get easily detached yhen the duodenum is opened 
They are yhen alire, 1 5 — 2 38 mm in length and about 
1 mm in maximum breadth In permanent mounts the 
length vanes from 1 12 — 1 72 mm The body has a 
more or less comcal form , it is pointed at the anterior 
and broadest at the posterior end It has not got much 
poyer of extension and contraction The colour is yhite 
grey the cuticle of the entire body is closely coveied yith 
small pointed backyardly directed spines of a triangular 
shap'm yhich are slightly curved near the free end They 
are 0 O03 mm broad at the base and have the same airange- 
ment as descnbed in othei species The oral and vential 
suckers are spherical and equal in size In the description 
given by Luhe (10) the oial suckei (diametei 0 285 mm ) 

IS smaller than the central sucker (diameter 0 315 mm ) 
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Diameter of oral 

Diameter of ventral 

sucker 

sucker 

0 21 

0 21 

018 

018 

016 

016 

018 

018 

018 

018 

The 01 al suckbi is subteimiiial 

lying near the anterior 

end of the body on the ventral suiface The ventral sucker 
IS situated foi the greater pait of its diameter m the anterior 
half of the body as the following measurements will 

indicate — 


Length lu front of \ onlrnl 

Length behind ventral 

suckei 

sucker 

0 37 

0 51 

0 61 

0 73 

0 49 

0 64 

0 52 

0 67 

0 43 

0 69 

The pharynx is rounded and 0 1- 

-0 15 mm in diameter 


It IS followed by a vei} small lathei inconspicuous 
oesophagus winch divides into intestinal caeca just be- 
hind it The intestinal caeca aic small and terminate 
near the anterior margin of the testes on each side of 
the ventral sucker The lepioductive oigans evcept 
the coils of the uterus and a majoi portion of the testes 
occupy the anterior half of the body The testes are 
Bpheiical and situated syniiiietiically one on each side about 
tlie middle of the body behind the intestinal caeca They 
'are almost equal in size and have 19 — 24 inm diameter 
The cirrus sac is peai -shaped and laige with thick mus- 
culai walls, it is 0 35—0 58 mm. in length, i e , about one- 
fittii to one-fouith length of the body Its greatest breadth 
IS 0 14 mm It lies obliquely to the left side with its long 
axis parallel to the body length and is slightly curved 
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in its narrow tubular part bke the lettter S Tbe vesicula 
seminalis is twisted and occupies the basal poition of the 
cirrus sac The pars-prostatica is small , the cells lining 
it aie enlarged on account of the accumulated prostatic secre- 
tion as in the species above described The cirrus has thick 
muscular walls and opens into a small eversible genital 
atrium, which becomes easily protruded on the application 
of a small piessuie oi duimg fixation as a small papilla con- 
taining within it the terminal pait of the cuius 

The ovaiy is globular m shape and measuies 0 12 — 
0 16 mm in diameter, i c , almost half the diametei of the 
testis It IS situated obliquely in front of the ventral sucker 
and the testes to the light side of the body The oviduct 
arises from its inner margin neai posterioi end It luns only 
for a ahoit distance when it is joined by the leceptaculum 
semmis The Lamer’s canal arises from the latter as in 
other species of the Pleurogenetinae The receptaculum 
seminia and shell gland he doisally close in front of the 
vential sucker to the right side, wheie the oviduct receives 
the common vitelline duct fioni the vitelline leseivoii The 
uteius forms a convoluted mass filling the posteiior half of 
the body Its convolutions are arianged in the foim of two 
longitudinal loops joined by a cioss loop, which may be pio- 
duced behind sometime into a small longitudinal loop, so that 
there is left a free space in the centre, in which neai the 
hindei end the excretory opening lies The aiiangenient 
of the uteius convolutions appears to be nearly the same 
as m Pleu) ogenes medians The terminal portion passes 
to the left side of the ventral sucker to continue its outward 
course where it lies parallel to the cirrus sac. The eggs 
are elliptical and measure 0 02 — 0 028 mm by 0 011 — 
0 012 mm in size The mature eggs have a deep brown 
shell The vitellaria aie composed of fairly large follicles, 
which varj in size and have oval, pear-shaped, somewhat 
rounded or irregular form They he dorsally between the 
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pharynx and the ends of the intestinal caeca mainly covei- 
ing the latter , a certain number of them also occupy the 
region between the intestinal bifurcation and the ovary 
The transveise ducts are very small The vitelline reser- 
voir hes in front of the ovaiy 

The excretory bladder is U-shaped with a small central 
stem opemng to the exterioi The limbs of the bladder 
leach as far as the posterior end of the testes The excre- 
tory openmg lies a little in front of the posterior end of the 
body on the .ventral surface Luhe, howevei , gives its posi- 
tion much in front of the hinder end. 

Remarks — The distomes no doubt belong to Pleii) o- 
genes gasbopouts described by Luhe in 1901 fiom Rana 
cyanophhjctis As will be seen from the sjnopsis of the 
species of the genus Plmit ogenes in Table VI our specimens 
agree closely with Luhe’s desciiption, but they diftei in the 
following unportant featuies (1) Position of the excietoiy 
pore, which does not lie much in front of the posteiior end 
as in Luhe’s specimens (2) Receptaculum seminis and shell 
gland he to the light side in front of the ventral sucker and 
not in the centre (3) Equal size of the oial and ventral 
suckers In Luhe’s specimens the piopoition in then size 
IS 28 31 The minor differences are (4) size of suckeis, 

(5) small size of the ovary and testes in our specimens, 

(6) curvature of the cirrus sac not so strongly marked as in 
the type species and (7) hosts belonging to different species 
of Rana These points appear to be sufficiently important 
as to justify the creation of a new variety for which we pro- 
pose the name Pleu7 ogenes gash opoi us Luhe var equahs 

5 Peosotoous indious n sp 

This species was obtained from the duodenum and 
small intestine of only eight out of eighty-one specimens of 
Rana hgi ma It appears to be nearly as rare as Plew ogenes 

gash opo7 Its var eguahs The number of parasites as 
12 
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obtamed fiom five frogs was 1, 3, 5, 12 and llO They do 
not get easily detached when the intestine is opened "When 
kept in watei oi salt solution on a slide they uiove about by 
sti etching then CKtieinely mobile anteiioi end and draw- 
ing the pait behind it toiward , the bod> also shows a 
gieat power of expansion and contraction The size is 
small ineasunng 0 6 — 1 1 nim in length in entii e mounts and 
1 2 2 4 mm in hie specimens The bieadthin entire mounts 

laiies fiom 0 42 0 45 mm Thej have a white transpaient 
bodi nitli a lounded outline , when flattened by the pies- 
siiie of a covei glass, they assume an elliptical form The 
cuticle IS eiituely coveied witli small nariow backwaidly 
diiected spines of the usual shape, which ineasuieO 007 mm 
in leugtli aud 0 001 min m breadth at the base The oial 
and vential suckeis are of equal si/e and liare a spherical 

outline Tlieii diameteis as mcasuied in entiie mounts are 
as follow s — 


Diamotei of oial suckei 
in mm 
007 
006 
007 
0 06 
0 07 


Diameter of ventral suokei 
m mm 
0 06 
0 06 
007 
0 06 
007 


The oial sucker is subterminal and lies on the ventral 
siuface near the antenoi end of the body The ventral 
sucicei IS situated just m fioni of the middle of the body at 
a distaaceof 0 25-0 28 mm fiom the anterior end and that 
ot 0 2^-0 33 mm fiom the poster lor end The cavity of the 
^ enoi siickei is laigei than tliat of the ventral sucker 
ihe gemtal opening hes on the ventral surface near the left 
side boidei at the level of the mtestinal fork at a distance 
ot0 4~0 6G mm in hve specimens and 0 18-0 31 mm 
m permanent mounts from the antenoi exti emity The gem- 
tnU,n„o:.s so stalls, that ,t .s not reco^Labl^f the 
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living worm, in winch both male and female openings are 
seen lying close side by side The mouth opens into a 
thick-walled phaiynv of 0 04—0 06 mm diametei The oeso- 
phagus is fairly long about 0 12 — 0 18 mm in length The 
intestinal fork lies at the level of the testes much in front 
of the vential sucker about midway between it and the oral 
Buckei The angle enclosed by it is less than a light angle 
The intestinal caeca have dilated ends and extend as 
fai as the posteiioi maigm of the suckei measuring 

0 22 — 0 31 mm in length, while in P cojifusm they are 
much bioadei and shoitei ending much in front of the 
vential sucker 

The leproductive organs except the coils of the uterus 
occupy the anteiioi half of the body The testes aie moie 

01 less spherical , they aie situated outside the intestinal 

bifuication and the caeca between the latter and the body- 
wall They do not he at the same level, on the othei hand, 
the left testis lies in fiont of the othei The light testis 
is always a little laiger having geneially 0 07 — 0 09 mm 
diametei and the left testis ineasuies 0 05 — 0 07 ram in 
diametei Fiom then posteiioi ends aiise small vasa 
effeientia which lun backwmids as fai as the cuius sac 
neai the left intestinal caecum to loin the laige vesicula 
seminahs The cirrus sac has a laige size in piopoitioii 
to the size of the distonie and thick musculai w alls com- 
posed of longitudinally ai ranged fibies It is 0 32 0 35 mm 
long and 0 12 mm broad near the base in entire mounts , 
when examined in sections it measuies 0 25 0 28 mm in 

length and 0 06— 0 09 mm in maximum breadth It lies 
behind the left testis ventrally to the intestinal caecum of 
that Bide , it is more oi less strongly curved anteiiorlv 
and consists of a basal saccular pait containing the vesicula 
seminahs and pais piostatica and a small naiiow tubulai 
part, which leads to the exterior The angle of cuivature 
separating these twm paits is nearly a right angle and lies 
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at a distance of 0 17 mm from the base The tubular part 
of the cirrus sac is 0 034 mm broad and is about half of 
the length of the saccular portion, which is somewhat 
rounded at the base The vesicula seminabs is TJ-shaped, 
has 0 03 mm lengthandO 05—0 07 ram breadth and is filled 
with sperms It opens by a small narrow duct of 0 006 mm 
length and 0 003 mm breadth into an ovoid or somewhat 
globulai pars prostatica ofO 04 mm by 0 029 0 03 mm size 

The epithelial cells of the latter, as already described in 
the other species, are much enlarged towards the lumen 
by the accumulation of piostatic secretion The prostate 
cells of the usual peai -shaped form suiround the pars pros- 
tatica and a gieat portion of the vesicula seminalis occupy- 
ing the entire space between the latter and the muscular 
walls of the cirrus sac Tlie ejaculatory duct (cirrus) is 
0 9 — 0 14 mm long and 0 01 — 0 0136 mm broad , it is not 
sharply separated from the pais prostatica The epithelium 
of the nairow duct of vesicula seminalis, pais prostatica and 
cirrus IS surrounded by a thick layer of longitudinal muscle 
fibies The cuius opens into a very small genital atrium, 
winch 18 not easily visible in living specimens The ovary 
IS more or less rounded almost equal in size to the left 
testis measuring 0 05 — 0 07 mm in diameter It is situated 
in front of the ventral sucker invariably to the right side 
of the middle line partially overlapped by the right intes- 
tinal caecum and gives out near its inner posterior margin 
a short oviduct, which soon enters the ootype surrounded 
by the shell glands The receptaculum seminis is a small 
pear-shaped sac placed close behind the o^vary and the 
ootype to the right side of the ventral sucker , from its 
narrow proximal part arises a veiy small Laurer’s canal 
which runs dorsally The uterus arises from the right side 
of the ventral sucker and passes downwards nearer the 
dorsal surface into a convoluted mass which occupies the 
posterior right half of the body This deacendiug portion 
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aftei reaching the posterior end turns foi wards ventrally 
to the same side till it luns transversely behind the ventral 
sucker to continue into the convoluted mass contained in 
the left posterior half The ascending uterus takes its 
origin somewhat near the posterior end to the left side and 
runs forwaids dorsally undergoing several convolutions 
before it passes into the thick-walled raetiaterm, which 
lies to the left side much in fiont of the ventral sucker 
doisally to the ciirus sac The metiaterm is small, highly 
muscular and sharply set off from the uteius by its small 
diameter It is 0 22 mm long and 0 02 mm broad and con- 
tains a narrov lumen of 0 008 mm diameter which, how- 
evei, becomes enlarged neai the genital pore , its wall is 
composed of an inner cuticular layei sui rounded by the 
two usual muscular layers The genital atrium is very 
small being reduced only to an opening The ripe ova 
have a deep brown shell, aie elliptical in shape and 
measure usually 0 027 mm (rarely 0 024 mm ) in length 
and 0 0136 mm (raiely 0 012 mm ) in breadth The 
Mtellaria aie confined to the ventral suiface of the body 
beginning m the region of pharynx and terminating at 
about the level of the postenoi maigin of the intestinal 
bifurcation They occupy obliquely the lateial areas 
between the oral sucker and intestinal bifurcation in front of 
the testes mainly to the outei side of oesophagus between 
it and the body-wall on each side, and overlapping the former 
for great part of its length The yolk gland of each side 
consists of two branches placed close to each other , the 
follicles in each branch aie pear-shaped and thickly ciowded 
on each side of a central axis more oi less in a legular 
manner like the leaves of a twig The transverse vitelline 
ducts leave the gland near the intestinal bifurcation and run 
backwards longitudinally side by side till they cross the 
oviduct to open independently into a small but prominent 
reservoir, which lies close behind the inner part of the ovary 
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The exoietory bladdei is V-shaped, it continues 
backwaids into a small ludimentaiy median stem, vfhich 
opens to the outside by a subtorminal excretory pore situated 
on the vential suiface near the postenoi end The hoins 
extend as far as the postenoi inaigin of the ovary and haie 
svollen extremities, the\ aienot so widely separated as to 
give the bladder the shape of a bi oad Y. 

Rbmaeks — Up to the present time two species of the 
genus P)osotoctis, t e ,P) coufmus Lss and P; tene) Lss ba\e 
been recorded and described Klein (4) has referred ten- 
tatively both of them to the genus Pku) ogenes in his key, 
although he sharply separates P mifvsiis from all the other 
species on account of the antenor position of the testes, i e , 
in front of the ciiriis sac Liihe (11) adopts the original 
classification and maintains the genus P> osoiocus assigning 
P cotrfusus to it While we aie in entile agreement with 
this, we find P> tene) to satisfy the definition of the genus 
Phu) ogcnes as lable VI and our kev of this genus will show 
We have compaiedthe diagnostic features of the new species 
with those of P> covfusus m Table Y fiom which it can 
be seen that it diffeis fiom the lattei in tlie following im- 
portant features — 

(1) Equal si7e of suckers (2) Gi eater length of oeso- 
phagus (3) Size and shape of intestinal caeca (4) Posi- 
tion of the ovaiy to the light side of the median line and the 
ventral sucker and its rounded shape (5) Cuived shape 
and tiansverse position of the cirrus sac (6) Large num- 
ber of follicles in the vitellaiia and then position (7) Sub- 
teiminal position of the excietoiy poie and the presence of 
a ludimentary median stem of the excretory bladder The 
less important points are (8) the differences m tire shape 

and size of the body and (9) the size of suckeis and 
ova, 
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6 Methods 

The Trematodes weie fixed m Bourn’s picio-coirosiTe 
formol, occasionally in coriosive sublimate oi Zenker’s 
solution For entire mounts they were carefully flattened 
between two glass slides or between a glass slide and a long 
lectangulai coverglass and transfeired to the fixing solution 
To prevent then separation a fine string was sometimes used 
to bind them together till the specimens weie properly 
flattened and fixed For entne mounts various stains such 
as borax cainiine, alum carmine, dilute Delafield’s haema" 
toxylin, and haemalum weie used, but the lattei gave the 
best differentiation of various organs, and proved to be very 
useful and handy Foi sections iron-haematoxylin was 
alwajs employed 

7 Synopsis of the Sub-pamidy Pleurooenbtinae Lss 

We follow Odhner (15) m assignmg this sub-family 
to the family Lecithodendnidae Odhnei, which also includes 
the sub-family Lecithodendiunae Lss ( = Biachycoeliinae Lss 
ramus Brachycoelium) The definition of the Pleuiogenetinae 
as given by Luhe m 1909 (11) and Odhner in 1911 (15) 
needs a ceitain amount of modification on account of the 
inclusion in it of the genei a Ganeo, Biandesia and also of 
lecently known species of othei geneiaand the amended defi- 
mtion IS as follows — Body elliptical, elongated, oval oi al- 
most rounded in outline , size small , suckeis not paiticularly 
strong, skin entiiely oi m anteiioi pait of body closely 
beset with tong pointed oi lounded spines free at their 
ends, m liindei part spines may gradually dmunisli in 
number oi disappear , gut v itli a small prepharynx and 
small rounded pharynx , oesophagus absent, small oi 
moderately long, intestinal caeca small not reaching 
middle of body or model ately long, * c , reaching about 
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middle of body or long, % e , reaching near hind end , 
excretory bladdei V or T-shaped, but in the latter case 
■with a small median stem , excietory opening terminal or 
Bubterminal and ventral , genital opening marginal on 
left side, or on ventral or doisal suiface near left 
side, in front of, or in the neighbourliood of ventral sucker , 
cirrus sac absent or parenchymatous (pseudo-ciirus sac) oi 
large, musculai and stiongly developed, pear-shaped or 
some'what cuived , vesicula seminis large and twisted , pais 
prostatica and pi estate glands well developed , testes 
asymmetrically situated one behind the other or more oi 
less sjunmetncally situated one on each side near body 
margm, in front of, neai oi behind ventral sucker , lecepta- 
culum seminis with a Lauici’s canal arising from it always 
piesent , vitellaiia simple, tree-shaped situated entirely 
in front of or in the legion of a part of intestinal caeca , 
uterus IS much convoluted and fills more or less posterioi 
half of body , eggs when ripe have a deep brown shell and 
measuie 0 02—0 038 mm in length and 0 01—0 018 mm in 
breadth , found in the gut of Amphibia (one species from 
Chamaeleon) 


Key to the GIenera 


Testes in anterior part of ^ 
Lody in front of cirrus 
sac and m front of, or 
in neighbourliood of in- 
testinal bifurcation 


Qeiutal opening much in 
front of ventral sucker 

Genital opening in the 
neighbourhood of ven- 
tral sucker 


Prosotootis Lss 


JBrandesia Stoss 


I T e a t e 8 asymmetrically 
situated one behind an- 
other Muscular cirrus 

eestmal bifurcation, be- V absent Ganeo Klein 

hind or near posterior ( m ^ 
portion of cirrus sac ’I'estes Symmetrically 

I situated at the same 

j level Muscular cirrus 

sac present Pleurogenea Lss 
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I Prosotocus Lss 

Body somewhat elliptical, oval oi loiiiided undei a 
slight piossuie , size small, small anteiioi pait of body 
strongly moTeable , suckeis about equal iii size, intostmal 
caeca small never extending beyond vcntial suckei , geni- 
tal opening lies on vential suiface near left body margin 
in fiont of intestinal bifuication neaiei oial than ventral 
suckei , testes one on each side in front of oi in the 
neighbouihood of intestinal bifuication not entiiely symmet- 
iically situated , ovaiy peai -shaped oi somewhat lounded, 
situated in median line oi to light side closely in fiont 
of ventral sucker , vitellaiia m anteiior pait of body 
obliquely situated on either side between oral suckei and 
testes , emus sac laige and peai-shaped oi curved, 
teiminating in fiont of, oi leachiug posteiioi boidei of 
vential suckei , uteius convolutions occupy mainly posteiioi 
half of body leaching hinder end, in front they may leach 
vential suckei oi extend beyond it , excietoiy bladder 
broad oi naiiOAv V-shaped with a terminal oi subteiniinal 
opening, ova when iipo have a deep brown shell and 
measuie 024 — 034 mm in length and 012 — 0136 mm in 
bieadth , in small intestine of Amphibia 


Key TO the Speoies op Peosotoctjs 


Ovary pear-shaped and median , cirrus sac slraighii 
ivifch its long axis parallel lo body-lengtih and reaching 
near posterior border of ventral sucker 

Oi ary somewhat rounded and to right side, cirrus 

sac curved and more or less transversely placed termi- 
nating in front of ventral sucl er 


Prosotocus con 
fustis Lss 


Piosotocus in- 
dxcus n sp 
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2 Pledrogenes Lss 

Body oval, elliptical, oblong oi somewhat spherical, 
sue small , vcntial suckei usually situated about middle of 
body, larelj in fiont of middle , oesophagus absent, shoit 
01 long , intestinal caeca usually leach about middle of body 
length, ? e , neai vential suckei, but in a few species extend 
as fai as last quaitei of body , genital opening on ventral 
01 doisal suiface ueai loft body maigm at level of phaiynx 
01 neai oial suckei except in P dcmge) and P Johatus 
in which It lies much behind oial suckei about midway 
between phaiynx and vential suckei , testes lounded oi 
o^Old (lobed in P lobcdtis) symmetrically situated one on 
each side neai vential suckei about middle of body oi in a 
lev species behind vential suckei and middle of body , ovaiy 
in fiont of testes to the light side (in median line in P- 
lobaiiis) neai oi in fiont of vential suckei , ntellaria 
composed of somewhat rounded oi oval follicles legulaih 
01 iiiegulaily distiibuted in anteiioi legion of body 
in fiont of vential suckei , cuius sac laige, peai-shaped, 
usually cuived someiihat like S situated ivitli its long axis 
parallel oi somewhat tiansveise to the length of body, pais 
piostatica well developed, rounded oi oval in outline , excietoiy 
bladder Y-shaped V ith terminal oi subteiminal and vential 
excretory opening , uteius convolutions confined to postoiioi 
half of body behind vential suckei , ova when iipe have a 
deep brown shell and nieasuie 0 020 — 0 035 mm in length 
and 0 011 — 0 016 mm m breadth , in duodenum and small 
intestine of Amphibia and cliamaeleon (PI arcanum in cysts 
aiound pylorus and the suiface of livei in American 
flogs). 

PI claviger Rud and PI lobatus Ozaki ditfei fioin all 
other species of the genus m ceitain lemaikable features, 
we theiefoie think it worth while to divide the genus into 
tvo sub-geneia ' and Telogonella. 
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Key to the Sub genera 


Intestinal caeca reacli near middle of body about tbe 
lo^ el of ^ ontral sucker , genital opening m front of intesti- 
nal bifurcation near oral sucker Subgcniis 

Pleu) oqems 

Intestinal caeca extend much behind i ontral sucker 
reaching about tbe last quarter of body , genital opening 
at level vritb or behind intestinal bifurcation and about 
midway between pharynx and r entral sucker Subgenus 

Tclogonclla 

Subgenus PLEUROGENrs N Subgen 

Suckeis 11101 e or less equal m size , vential suckei 
lies about iinddle of body , intestinal caeca leach about 
middle of body length , genital opening neai left boi dei 
at level of phar3nv oi near oial suckei , testes lounded 
01 oval syininetiically situated at about level of vential 
suckei neai oi just behind blind ends of intestinal caeca , 
ovaij to light side in fiont of vential suckei , in duodenum 
and small intestine of Amphibia and chainaeleon 
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near intestinal bifurcation lUvarylobecl, oral sucker PI aicamim 

j slightly larger or smaller 
1 than Yenlral sucker, 

1. found encysted 
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Subgenus Tulogonella Subgcn 

Suckeis unequal in size, oial suckei distinctly laigei 
than ventral sucker , vential suckei quite in front of middle , 
intestinal caeca veiy long extending as fai as last qiiaitei 
of body but not reaching Jiindei end , genital opening to the 
left side at level ivitli oi behind intestinal bifui cation and 
about midway between phaiynx and vential suckei , testes 
somewhat lounded oi lobed, symmetiically situated slightly 
in fiont or ]ust behind blind ends ot intestinal caeca 
and always behind vential suckei , ovary loundod oi lobed, 
median oi to light side close in fiont oi to the side of 
vential suckei , excietory bladdei V-shaped with a teiniinal 
opening , ova 0 021 — 0 033 mm in length and 0 012 — 0 016 
mm in bieadth, in small intestine oi bile duct of Amphibia 


Key to the Species 


Tesfces and oyarr lobed, o'^ary median, genital pore much 
behind intestinal bituroation, oesophagus small PI lobaftis 

Testes and oi ary with entire margins , ovary to the right 
side, genital pore at level with intestinal bifurcation, oesopha- 
gus moderately long PI clavigo 


3 Brandesia Stoss 

Bodj much flattened and somewhat lounded, si/e 
biiiall, skin beset with spines , suckeis well developed , pha- 
iynx present , oesophagus small , intestinal caeca teiminatmg 
about level of ventral suckei , genital opening to left side in 
the neighboiiiliood ot ^entlal suckei, testes simmetiically 
situated in antciioi pait of body in fiont of cuius sac and 
^entlal suckei, ovaij' lobed situated behind testes neai 
median line on doisal side at about level of ■sential sucker , 
leceptaculum seminis laige , Jong Lauiei s canal with 
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an opening lai belnnd present, ntellana composed of a 
small numbei of follicles present on eithei side in anteiior 
pait of body neai oial suclcei and in fiont of testes , musculai 
cm ns sac ivoll developed and lies at about level of vential 
sucker , excietoiy bladdei small and V-shaped ivith a sub- 
teiminal and vential evcietory pore , numeious uterus con- 
volutions fill postenoi part of body behind ventral sucker 
and doisal half of anterioi pait leaching neai vitellaiia , eggs 
very numerous with a somewhat thin and deep blown shell 
measuring 0 030 mm long and 0 013 mm broad , live in 
cists behind pylorus of fiogs 


B TunoiDA Biandes 

Length 2 2 5 mm , body with a flattened vential and 
verj stiongly arched doi sal surface , duiing extension hind 
end appears somewhat pointed , oial suckei situated ventrally 
behind auteiioi end measuring 0 55 nim in diametei , ventral 
suckei behind middle neai hind end of body iiith 0 33 mm 
diameter , intestinal caeca teuninate at the sides of oiaiy oi 
about level of icntial suckei, testes and ovaiy lobed , in 
Ecuut esculenta The above definitions of the genus and 
species aie mainly taken fiom Luhe’s Susswassei fauna 
Deutschlands on Tiematoda (11) 


4 Ganeo Klein 

Body elongated, tongue-shaped, elbiitical, oval oi oblong , 
sma oi luiddle-sized , cuticle of whole body or anterior part 
cover e A\ith small spines , vential sucker situated at border 
an eiioi and middle thirds of body , oesophagus short oi 
n o eia e y ong , intestinal caeca extending about oi beyond 

nnpti ^ nevei leaching hind end , genital 

openmgheEienlialljneaiWlboiac. manlonoi pa. I abont 
.Mle of oaaoiAagus, or middle of dislnace behreea phaijos 
«Bd mteshnal b.turcahon or ii, r,e.gbboBrbooa of the Jattoi 
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and opens into a deep caTity foimed by invagination of the 
body-wall (genital atrium oi cloaca) , testes in posteiior part 
of the anterior thud of body obliquely behind each othei oi 
one on each side , anteiior testis lies anteiior to vential 
suckei and the posteiioi with its hindei boidei nearly at the 
same level with it, or the foimei in fiont of vential 
suckei and the lattei behind it, or both somewhat behind it , 
ovaiy behmd testes and in fiont of middle half of body , 
vitellaiia situated laterally in middle thud of body, true 
01 musculai ciirus sac absent , parenchymatous sheath sui- 
lounding male effeient appaiatus, i e , pseudo-ciirus sac 
piesent oi absent , lattei elongated moie or less stiaight, 
slightly or stiongly curved leachmg vential suckei neai 
its posteiioi edge , uteius convolutions tiansveisely 
arranged occupying the space between intestinal caeca 
behind vential suckei and reaching hind end of body , 
metiaterm absent , eggs oval oi elliptical rvith a dark biown 
shell measuiing 0 026 — 0 034 mm in length and 0 014 — 

0 018 mm m bieadth , evcietoiy bladdei U-shaped with a 
veiy small posteiior median stem , excretory pore terminal 

01 subteimmal , paiasitic in intestine of Amphibia 

Key to the Species and Vahteties 


f Oesophagus modornteU 

I long, pseudo-cirrus sac 
more or less strnighb or 
slightly Curved 


Pseudo-cirrus sac present , ev- 
crolory pore terminal 


Caeca to fth 
body length 
G qlottoidcs, 
Caeca roach 
■{ near hind 

1 end <? gloi- 

1 fotdes var 

I afneana 


Oesophagus small, 
pseudo-cirrus sac 
stronglj curved 


(r gloltoides 
var madra- 
scnsis 


Paeudo-oirrus sac absent 
excretory pore Bubtermiiial 


G Uqnnum 



104 


THE AIJAHABM* UNIVEBSlTY STUDIES 


8 EEPERTjJNGES 

1 Blialoiao, J D (1926) — On tho Tioaiatoclos of Iho Digestive 

Tiacl of a Common Indian Frog 
tig) 271(1, Paiasitology, Vol XVIII, 
No 2 

2 Colt, W W (1919 20) — A New Di&tomo from Rana auioia, 

Umvoisity Califoinia Publications Zool 
XIX 

8 Johnston, S T (1912)— On Some Tromatode Parasites of 

Auslialian Frogs, Proo Lmn Soc 
NSW XXXVII, pp 285-362 

4 Xlein, W (1905)— None Distomonaus Ranahoxadacytla , Zool 

Jahib XXII Abb f, pp 1 — 22 

5 Looss, A (1894) — Die Distomen unserer Pische und Frosohe , 

Bib Zool Heft 16 

6 Ibid (1896) — Rooheiolies sur la faune paiasitairo de I’Bgypte 

Part I Mem Institut Egyptien, 3 

7 Ibid (1899) — Weitero Beitr.igo Zur Konntniss der Tieraatoden 

Fauna Aegyptens , Zool Jahrb Abt 
f Syst Xn Heft 5-6 

8 Ibid (1900) — Naclitraglicbe Bemerkungen Zu den Nainen dei 

A on mir voigesclilagenen Distomen 
gattungen , Zool Anz XXIll, pp 601 
608 

9 Ibid (1902) — Ubei neue und bekannte Trematoden aus sees- 

ohildkroten, Zool Jahrb Abt f Syst 
V 16 

10 Lube, M (1901)- — Zwei neue Distomen aus mdisohen Anuren , 

Centrlbl Bakter XXX, pp 166-177 

11 Ibid (1909) — Parasitisoho Plattwiirmer I Trematodes , Die 

Susswasserfauna Deutschland, H 17, 
Jena 

12 Mehra, H R andNegi,P S (1926) — On a New Trematode Pre- 

711202 chts ranm mn no\ gen , nov spec 
from the common Indian Frog Rana 
, Parasitology, Vol XVIII, No 2 




Fig 1 


1 m ra 



Plate II 



Eig 2 







TEEjrATODE PAEASITES OP THE PLBUEOGENETINAE 105 

13 Nicol! W (1909) — Studies on the Structure and Classification 

of the Digenetic Trematodes , Quart 
Journ Mic Sci Vol LIII 

14 Nickerson, W S (1900) — Note on Distomum arcanxim (n sp ) 

in American Frogs , American Natura- 
list V 34, pp 811-16 

15 Odhner, T (1911) — Nordostafrikanisohe Trematoden , Results 

Swedish Zool Bxped Egypt and White 
Nile, Part IV 

16 Osborn, H L (1912)— On Some Points in the Organisation of 

Specimens of Loxogenes ai canum 
Nickeison, from Minnesota, U S A, 
Zool Anz V 39, pp 550 — 56 

17 Ozaki, Y (1926) — On Two New Genera of Prog Trematodes, 

Gi yploti ema and Microlecithus, and a 
New Species of Pleurogenes , Joiiin 
^ Fac Sci Imp Univ Tokjo Sect iv 

Zool , Vol I, Part I 

18 Sorajabin, K I (1922) — Trematodes and Nematodes Collected 

by the Expedition of Prof V Dogiel and 
I Sokolow in British Bast Africa, Sci 
Results Zool Bxpt Brit B afi 1914, 

I No 4 

19 Stafford, J (1900)— Some undescribed Tremafodes , Zool 

Jahrb Abt f syst, V 13, pp 399 — 414 

20 Ibid (1902) — Notes On Worms , Zool Anz V 25, pp 48t — 483 
-21 Ibid (1905) — Trematodes from Canadian Vertebrates , Zool 

Am Bd 28, pp 683—86 

9 Explanation op Plates 

Plate 1 1 Ventral view of G tigriivum 

Plate 2 Pig 2 Ventral view of G glotf aides \ sxt madrasensis 

Plate 3 Pig 3 Ventral view of Pf qastroporus ^ ar egualis 

Pig 4 Ventral view of Ft indieus 

Plate 4 Pig 5 Longitudinal horizontal section of G tiqiinum 
snowing male effeient apparatus and absence 
of pseudo-ciiriis sac Pros'afe gland cells 
lie freely in the surrounding parencli 5 ma 
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Cells of piis-prostalioa are much distended on 
account ol the How of piostatio secretion 
through them 

B'lg 6 Part of the above section more highly magnified 

showing pars-prostatica and prostate gland 
cells 

Plate 0 Fig 7 Microphotogiaph showing vential view of 

G Ugrimim 

big 8 Micropliotograph of longitudinal horizontal 

section of Q tigt imim showing gonads, male 
efferent apparatus and ova 

Plate 6 big 9 Microphotograph showing dorsal view of G 

glottoides \ar tnadrasensis 

Plate ( big 10 Microphotograph showing ventral view' oP 

Pi iitdicits 

Fig 11 Miorophotograph showing horizontal longitu' 

dinal section of the cirrus sac, pait of metra- 
term and ova of Pi mdicus 

Plate 8 big 12 Dorsal view of Pf gash oporus vat egitalis 

Fig 13 Miorophotograph of Pi gasti qpoi iis var 

egiialis 

All figures except miorophotographs are drawn with the aid 

of Spencer’s Electric Drawing Apparatus 


Explaeatioe or Let teeing - 

a t , anterior testis , c s , ciuus sac , c u , uterus convolutions , 
ex b, excretory bladder, ex p, excretoiy pore , g a, genital 
atrium , g o , genital opening , 1 i o , left intestinal caecum , 1 t , 
left testis , oes oesophagus , o s , oral sucker , ov , ovary , p , 
parenc lyma , p g , prostate gland cells , p p , pars prostatica , 
p pi, prepliarjnx, ph pharynx , p t, posterior testis , ps s, 
pseudo-Girrus sac , r s , leceptaculuiii sennnis , r t , right testis , 
SI o , s le 1 gland , sp , sperms , % s , ventral sucker v sem , 
vesicula semmahs , vit . vitellana . y r , yolk reservoir 
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Table V show>"g Ghabacteeistics or the Species or the Genus Prosotocus {Contd) 
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Table VI showing Chaeactbristios oe the Species of the Genus Pleurogenes 
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Short, less than halt 


trejiatode parasites or the pleurogenbtinae 111 



Chabaoteristics op the Species of the G-eeus Pleueogenes [Gontd ) 
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SOME CESTODES FROM INDIAN FISHES, 
INCLUDING FOUR NEW SPECIES OF 
TETRAPHYLLIDEA AND REVISED KEYS 
TO THE GENERA ACANTHOBOTHRIUM 
AND GANGESIA. 
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(With 4 Text Figures and Plates I— VII including 
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INTRODUCTIOIs^ 

IaUIc boinj; kno^^n conceinmg tlio liclminlh paiasites 
of Trulian fl■csil-^\atel fislies, I slaited an ln^ ostiei'ation of 
the same about foui jcais hack Altiiough Wooclland Inis, 
(lining tins time, published somo accounts ot ccstodcs 
collected hj him •'siicn at AUahaliad, thoio is yet a good 
deal to ho biouglit to light icgaidiug these Indian tjpes as 
the pieseut papci (i\luch is one of a senes to followj indi- 
cates Still less IS knoivn ot the Tioinatodes infecting the 
piscine Species of the Indian fiesh iiatois, ^^duch aie also 
engaging mj attention I find that Die fishes of Xoithein 
India at least, aic as iich in paiasitic foims — Tioinatodes, 
Ccstodcs, Nematodes and Acanthocephala — as tliosc of otliei 
pails of the Moild and piescnt a gicat vaiiety of mtoiestmg 
types Two papcis have alioadv boon published by me 
duiing the years 1920 and iq27, a thud nas lead at the 
Lalioio (1927) session of the Indian Science Oongioss and 
IS m couise of piopaiation foi the picss, along with a fen 
otheis 


Family ONCHOBOTHRIIDAE 
Gc«as— ACANTHOBOTHEIUM 


Tijpe—Abaiithohoihiiim semnoicsmthm Nov Spec 
(Figs 1 to 9 and Xe\t Fig 1) 

-ffoit—Hypolophus spphen Mull and Henle ( = Tiygon 
sciihen Cuv ) 

Lotality~KWn]\oX\A (Clanges and Jumna) 

Habitat Spiial value 
Tune July and August, 1926 


taen as fai bad 

h Q n 11 /- dealt aitli lately 

>1 Soalbwell (1925) m Ins valuable llonoa.apl, on Td, aph)!- 

0 > *“"‘1 of «.o fa""'.' 

Onaoioth nd«e (Biaun. 1900, e», ended) mtli lout bollnidm 
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“ eacli armed with two bifurcated hooks , each bothridiiim 
IS divided into three loculi by t^^o tiansverse septa 

The species here described falls within the genus 
Acanthohoth turn as above defined A single slide with one 
good specimen only was sent by me on August 13, 
192G, to Dr Southwell foi identification as Ins Monograph 
was not available to me then. Unhappily the slide reached 
him m a broken condition , but still, ho vciy kindly took 
the trouble of examining the preparation and legaided the 
specimen as Acanthohothi urn dujai dinii Foi this kindness 
I am highly indebted to him Subsequently, however, I 
obtained his Monogiaph (1025) On compaiing my othei 
preparations of the same nutciial with the desciiptions and 
figiiies given in it of A dnjai dinii and othci species of the 
genus, I felt convinced that my specimens dilfered maikedly 
not only fiom A diijauhnii but also fiom other known 
spocios Di Soutliw'cll, owing to the b leakage of tlie slide, 
1 Hunk, did not see a complete specimen and hence was 
unable to foim a coricct idea of it Thoiefore I am desciibing 
here this woiiii undei the nome Atanihohoth mm semnovcsi- 
(nlum because it has a iciy prominent and chaiacteiistic 
'esiciila seminalis 

The cestodes were obtained in abundance fiom (hi oe 
out of the five fishes dissected Thej are almost all ot 
cqaal length, but then si/c \.iiies when fixed fiom 10 mm to 
15 mm accoiding to the condition of contraction of the 
fipccimen Dunng life thc^ become considerabli longer, 
often appearing as extiemeh fine delicate thro ids waiing 
to and fro in the intcstiinl contents It is difliciiU to lomoic 
thoiii entire, w ith then scohees, as they are lather fiimlv 
ottached to the walls of the intestinal inhcs A niimbci of 
ibohited segments were, in each eise, scon ireelj ino\ing 
about hko a trematodo in the vi'^-sel ni which the contents 
of the mteslino were ])laced These on being iran'^fericd 
to vdt solution of normal Arongth were found dead next 
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inoming , but on exuiuiiiulion under the uucioscope stiU 
cloarly showed that Ihev ucre inatuic auil upe segments 
that liad become detached fiom the paient stiobila 

E dental Ghatatkib—Thei cestodos Avlien alive ovpand 
tlieuiselves to a lengtli of 2 to A inches^ but, on. fivation m 
hot conosne sublimate oi uaim alcohol, show the folloumo 


mean duiiensions in mm 


1 

Head | 

Total length 
of hook 

j Neck 

First 

distinct 

segment 

Middle 

segment 

Last 

'segment 

Length i 

1 0 34 ^ 

0 002 

1 06 

\ 

003 

014 

n 

Breacllh 

0 2G 


j 013 

010 

018 

■ 


The strobila is slender, linear and oval in cross section 
Segments begin a slioit distance back of the scolex as crowded 
transveise lines and are at Inst a number of times bioadcr 
than long, becoming squavish, then longer than broad 

Maturing and adult pioglottids are longer than hi oad, and 

fiee ones aie still longei. 

The total number of segments in an individual vanes 
fiom 18 to 24, but the majority of specimens have 21 seg- 
ments. As the pioglottids are, as a lule, shed fiom the 
body on attaining matuiity no iipe oi gravid segments are 
met with in anj of the permanent mounts of entire worms 
Tlie genital poies alternate megularly (Fig l) and then 

position, ^\lucb IS maiginal, varies a little about the middle 

line of the proglottids 

Head — The head or scolex is nearly suh-quadiate 
^Ylth a somewhat bioader hmdei portion In life it m 
capable of appreciable changes m shape and size The 
botliiidia are four in number, arianged diagonally on shoit 
pedicels which become manifest in the living woim only 
under a particnlai condition of the head (Text Fig !))• 
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They aie diiected backwaids and assume on being fi\eJ 
the foim of an elongated OAal oi an egg having an aveiage 
length of 0 3 mm and an aveiage bieadth of 0 1 mm 
These dimensions aie capable of variation oiving to gieat 
poweis of conti action and expansion exhibited by them In 
this species not only the anteiioi ends of the bothiidia, as 



Tr\T PlGUEV 1 

Showing oltGrafcions in size and sbapo of tlio head of a living A 
semtiovestculum 1 hooka , 2 hothndia, 3 hothridiol stalk , 4 nec.1 

obseived by Linton (1925) in ^ b)mssinwm(-A pauluw 
Linton 1908), hut also the posteiioi ends are very mobile 
and often expand themselves into naiioiv prolongations 
by a corresponding elongation of the entire head The 
alterations in shape of the bothndm and head are diagiam- 
niatically represented in Text Fig 1 Each bothiidium 
IS divided into tliiee unequal loculi by two cuived tiansveise 
costae , the anteiior loculus is the largest, the poster loi the 
smallest 

A distinct triangulai pad (piobably muscular as ivell as 
glandular) beaiing at its apex a single accessoiy suclcei is 
situated in fiont of each bothudium. The suckeis aie 
lather feebly developed, easily visible m the Imng 
but not peiceptible in most peimanent piepaiations 
internal diameter in piessed specimens is about 24 lei 
hanging each anteiioi loculus, between it and the tiianoU ai 
IT 
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pad, he a pan of hifui rated hooks ^Mth nnequal piones of 
si/c gnen below — 


'rotal length 

Length of hiindlc 

Length of 

Length of inner 

of hook 

to bifmoation 

outei piong 

prong 

85 M to 100 

31 to 33 ;<• 

42 At to 55 

48 M to 70 


The innei piong heais a small tubeicle neai its ongio 
and the handle as -sscll as the two piongshave anaiio^ 
caMt'^ in the middle lunning thioughout then length (Figs 
and 7) 

NclI — The neck is fan h long vaiyHig m length fio'’^ 
^00 n to 900 accoiding to its condition of conti action, flo 
does not bear spines It is na^IO^^ost behind the head, 
gradually becomes bioader posteiioily and passes inipei- 
ceptibh into the commencing pioglottids Thioughout its 
length it is tiaveised AMth a number of stout bands of longi' 
tudmal muscle fibres running thiough the head to the 
ridia These muscle bands aic qmte distinct in stale® 
piepaiations of piessed mateiial 

Iktebjtal Anatomt 

Miiscnlci) 'System — The cuticle is smooth and thin d 
very tianspaient on the neck and head The musoulatuic 
of the stiobila is A^eak but in the neck and a few anteiior 
segments the longitudinal muscles are well developed, special- 
ly the internal layer In hindei segments the longitudinal 
muscles appear in transveise sections, as a numbei of small 
bundles scattered in the paienchyma No ciiculai and 
oblique muscles weie detected in any section , they are there- 
fore very feebly developed The space between the cuticle 
and the laimr of inner longitudinal muscles is occupied by 
spongy parenchyma with wide meshes 
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No vous sijsiem —This Avas not studied 
Ehoeto) 1/ system — Tins sj'stem probably resembles that 
of the type species, but it is so poorly developed that the two 
small vessels on each side aie frequently not seen at all 

Testes — The testes (Fig 3) slioiv a legulai aiiangement 
They are more oi less uniformly distributed along the lateral 
pioglottis margins except towards the anteiioi end ivlieie 
the two fields display a tendency to coalesce, tliiougli a 
number of smallei testes lying m between In ivell- 
expanded maturing segments they are aiiange I m a single 
low on each side but in some segments the two testes of 
an adjacent gioup alternate in position, one lying slightly 
outer than the other, so as to present the appeaiauce of a 
double lov In tlie anterior segments and those contracted, 
they are more crowded but the two-field distribution is 
always maintained Then number in developed segments 
A'aiies from 42 to 55 an I they are aiianged in such a waj 
that 23 of them he on the poial side, 5 to 7 behind the 
genital pore, the rest in front of it On the apoial side the 
total numbei is 24 or 25 and 3 to 6 form the anterior group 
connecting the lateral ioavs As the youngei pioglottids 
contiin a smaller numbei ot testes, it appears certain that, 
Avitli the giOAvth in size and maturity of segments, ncAV testes 
are formed at the anterior end and giadually shifted to one 
side 01 the other, hence the iiiA'aiiable presence of the 
smallei ones tOAvaids that end only The long axes of the 
testes aie parallel to the transverse axis of the pioglottis and 
then size vanes Avitlun fairly Avide limits The smallest o 
tlie anteiior group, in the last but one segment of a specimen, 
measure 52 X 48 ix Avheieas the laiger ones about tire 
middle measure 80 /a x 60 

Vas defoens —The emus is long, tapering and ^pinose 
When everted it measuies 0 352 mm in length an 
mm m breadth at the base The spines are long, delicate 
and biistle-hke and line the cavity of the cana aa i 
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the oigan is icliacted ^\ltiun the pouch (Fig 9) The 
ciruis pouch IS a conspicuous iijnfonn oi pcai-shaped sfcruc- 
tuio, with lathei weak walls, Ijmg on the posteiior side of 
the hoii/ontal poition of the vagina It evtends towaids the 
median line to about the coiitic of the segment and has an 
aiciage size, in iiiatuie joints, of 160 m X 96 In inatuie 

joints the letiacted emus is paitly folded in the pouch and 
continues anteio-mediad as the vas defeicns vliicli forms a 
few coils befoio leaving the sac Outside the pouch, the 
las dofeiens ciosses the vagina as anairow oblique tube 
and, in the posteiior foui oi five segments (Fig 9), con- 
tinues as a videi tiansvcibcly convoluted tube, the seminal 
Acsicle The icsicle IS full of spcims (Fig 5), completely 
fills up the space between the testicular fields in front of the 
genital poie and tciminates a shoit distance back of the 
antenoi piogloths maigin It foims a promuient character- 
istic feature of the mature segments and is not knovm 
to occur in such a developed foi in in other species of the 
gQvms AcantholotJi) turn In an allied genus OncJiobotJniuw, 
in some species as 0 toytum Linton (1917) a similar 
condition of the seminal vesicle is met with It is not 
very convoluted in anteiioi segments, but takes the form 
of a median somewhat wavy tube which becomes 

less so as we pioceed towaids the anteiior end of the 
vorm 

Ovauj The ovaiy is clearly visible from segments 8 

to 10, though the testes can be distinguished from a few 
segments more anteriorly B is a U-shaped organ situated 
along_^_t e posterior and poster o-lateial margins with 
the two limbs of unequal length The p oral aim extends 
to the posienoi maigm of the cuius pouch and the 
aporal one a httle more anteriorly, reaching in some 
proglottids the loiel of the horizontal portion of the 
vagina The lon'^^* and breadth of the ovary vanes from 
segment to segni^Jnt In the last joint of an average- 
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Sized specimen it beais the follo^Ylng• dimensions in 
Him — 


Length of poial 

1 

Length of aporal 

Gioatesl breadth (m 

vmg 

ving 

front of shell gland) 

1 1 

1 25 

010 

The short OAmiian istlimus 

opens into a median 


globular oig.in the “egg suallowei ” Inch has its walls 
proMdcd A\ith circulai muscle libies and continues postc- 
iiorlj into a cur\od, highly musculai OMdiict with laige- 
nucleated muscles (Figs 4 and S) This musculai poition 
probably selves as an efficient “ pumping oigan ” oi “egg 
oiectoi ” The oviduct then soon leceivcs the naiiow speim 
duct fi 0111 the vaginal seminal leceptaclo aud curves round 
backwards as the feihlisation canal At the othei end of 
the cuive it is joined by the tlim-w ailed common Mtellmo 
duct and terminates in the ootype (Fig 4 ) 

Vagina — The vagina opens at the genital pore in front 
of the cirrus and exactly resembles that of Phylldboth mm 
iiomdiim Linton (1922) m the following paiticulais “ Its 
course is at first anteio-mcdiad to near the median line, 
v’heie it turns abiuptly posteiiad to follow the median line 
mitil near the posterior end of the pioglottis, ivheieit 
joins the geim duct ” Near the exterior it is naiiow , it 
then enlarges in diameter, tapering moie slowly to the 
curve, so that the anteio-mediad poition is nearly fusiform 
Along the median line the diameter is reduced, ” and 
remains nearly unifoim The course along the median 
line 18 nearly straiglit, or in some cases, slightly sinuous, 
until a short distance in fiont of the ovary “ where 
it IS again dilated aud functions as a seminal receptacle ” 
3 and 4) 
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Shell gland — Tins is a distinct peai-shaped mass of 
granulai cells disposed lound the ootype and opening into 
it from all sides It has a tiansveise diameter of 32 to 
48 p- and lies in a cleai space on the mid-line behind the 
ovaiian istlimus, between it and the base of thcovaiy Thus 
it is piactically suv rounded by the ovaiy In position, 
natuie and ariangement of the ovaij and the shell gland 
tins A\oim closely lesemblcs A Lonnbeig (= 

A pauluni Linton) as desciibed by Southwell (1923) on page 
6 3 of Ins Jilonograph 

Vdelhnc glands — Tlie A'tcllana begin neai the anteiioi 
end of the segment and continue, as a single ioav ot oval 
01 loundedacmi Avith a moan diametei of 0 15 iinii , along 
the lateial maigins of the pi oglottis, just outside the outer 
bordoi of the testes and the o\aij, to the posteiioi end 
Then ducts are veij naiiow and often not seen at 
all 

Vtcnis — The utcius lies along the median line as a 
thm-A\ ailed nairow stiuctuio extending from the region of 
the shell gland to A\ aids the antei 101 extiemity of the piog- 
lottid It IS, ui ontiie mounts, partly oA'ei lapped by the 
Aagma and completely masked m fiont by the Amsicula 
semmalis in all posteiioi segments Ivo eggs aic seen 
in the uteius owing to the fact that the segments arc 
detached fiom the stiobila befoie they iipen as alieady 
mentioned 

Figuie 4 gives a magnified view of the female ducts 
in the Mcinity of the shell gland 

Af-fimtics — The chaiactei of the head, particulai iy of 
the bothiidia and of the hooks, places this woim in the 
genus AcMnthohothuinn, but it cannot be lefoiied to any of 
the known species. In the dimensions of its body it ap- 
pioachesJ. o asstcolle, A henedemi and yf dttjaidtnn but 
diffeis from them all in the non-spiny chaiactei of its neck, 
in the voluminous convoluted vesicula semmalis it possesses. 
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in the numbci of segments on the stiobila and the size of 
its hooks It can bo fuither distmguished fiom — 

(/) A l/oicdcfitt, by cariying a fewei nunibei of seg- 
ments on its body, by the smallei size of its hooks, 
bj tlie legular disposition of its testes and the 
lelativel} laigei size of theoiaij 

(it) A aassitode, by the smallei numbei of bod^ 
segments, by the much smallei dimensions of its 
hooks, by the two-field distnbution of its testes, 
by its U-shaped ovaiy and by the innei prong 
of each hook being longei than the outei 

0?0 A di(ja)dtfn/, by its smallei suckeis, by a 
laigei numbei of pioglottids on the stiobila and 
bj a much laigei numbei of testes in each seg- 
ment 

Therefore taking into consideration the length of the 
worm, the nature and size of the bothiidia andtlie hooks, 
the numbei of body segments, the numbei and airangement 
of testes, and, above all, the presence of a conspicuous vesicula 
seminalis theie can be no manner of doubt that tins cestode 
furnishes features sufficiently distinctive to cliaiaoteiise it 
as a new species 

Diagnosis of A senmovesictdiim nov spec — Length 8 — 15 
mm Head distinct with fouibotluidia directed backwards and 
measuiing, on an average, 0 3 min X 0 1 mm. Each bothrL 
drum divided into till ee unequal loculi , the anteiior the laig- 
est, the posterior the smallest A pan of bifurcated hooks 
of length 85 — 100 on the proximal bolder of the anteiior 
loculus of each bothridiura, inner prong of each hook longer 
than the outer In fiont of each pair of hooks a tiiangulai pad 
carr5ang a single accessory sucker of diameter 24 n Length 
of neck 0 3 — 0 9 mm , according to condition of contraction 
Segments gradually increase in size progressively along 
the stiobila attaining a maximum in the last pioglottid 
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wluch measiues 2 45 mm X 0 34 im\i m flattened mounts 
Tcstob uumbei 51 (42 — 55) in maturing segments, in tuo 
longitudinal fields u itli a tendency to coalesce anteriorly 
Yesicula scmmalis yoluminous, pioimnently coiled in antc- 
1101 half of a lew of the hinder joints Genital poies margmah 
irregularly alternating, no.n middle of proglottis length 
Cirrus long, spini Host, Hypolophus sephen 

Type slides containing stained piepaxations and also 
unmounted specimens arc deposited in the collection of the 
Zoological Surycy of India, Indian Museiiiii, Calcntta (Ho 
), and also in the reseryo collection of the Department of 
Zoology, the Uniyersity Allahabad 


Ket to Species of Acatiihoboihiunn, after SorTEWFLii, 
SIODIFIED TO lECLXJDE THE R*E\y SPECIES 

The prongs ot each book are equal m length 1 
The prongs of each hook ire unequal m length 2 

1 Total length of hook 230 p- each both- 

riduun u ith a single accessory sucker A coi onaium 

Rudolphi, 1819 

Total length of hook 140 p to 170 p, 
each bothridiura mth three accessory 
suckers -4 tjunat, 

Yosluda, 1917 

2 Outer prong of each hook shorter than 

inner prong 3 

Outer prong of each hook a littlo longer 

than inner prong A o assicolle, 

Wedl , 1855 

3 IVorms containing more than 200 seg- 

ments 4 

Worms containing less than 40 seg- 
ments 6 

4 Total length of hook about 400 p A macracardhjttn, 

Southirell 1925 
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Total length of hook about 200 /-t lierdiiiam, 

Southwell, 1912 

Total length of hook about 100 /I ji imcinatuvi, 

Rudolph), 1819 

6 Seminal vesicle distinct, voluminous , 
segments less than 25 (18—25), testes 
about 60 in each segment A somnovesiculum 

Nov Spec 

Seminal vesicle indistinct oi absent 6 

6 Segments less than 12, testes about 20 

m each segment A dtijaj dtmx, 

Van Ben, 1849 

Segments more than 30, testes about 
43 in each segment A henedemi, 

Loennberg, 1889 


Family PHYLLOHOTHEIIFAE 

Genus and Species — Inqtai enda 

Host — Eutropnclitliys vaclia Day ( = Pi]]neIodus Amelia 
Ham Buell) 

Locahtij — Allahabad 
Date — 14th Apiil, 1927 

I examined quite a laige number of the aboAe-named 
siluroid fish (eommonly knoAAn as the buttei-fish) foi tie- 
matodes In one of these, on the date indicated, I noticed four 
minute cestodes in the contents of the lectum These, on 
lemoval to salt solution, AACie found Amij inactiAm, at least 
tAvo of them Avere quite dead On examination undei 
the micioscope they AAmie found to contain no matuie segment 
on the chain and hence then exact position, in the family, 
could not be asceitained The single stained piepaiation 
made, also, does not sIioav any inteinal organs (Fig 10), 
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but tbe sketches taken in life, leprocluced as Text Fig 2, 
gne a fan idea of the external anatomr of the ivoiin 



Skolclips of tbree living examples of the Phvllobothnid ccstoeles from 
rectum of butter- Rsh (1) Scolex (2) bothndin (3) special organ or sucker 

The eestode measures 1 5 — 2 0*" in length and 0 15 in 
greatest bieadth The nuinbei of pioglothds on the stiobila of 
the largest of them is only 10, in otheis still less The head or 
scolex IS well marked off from the body It measures 0 21 — 0 25 
m length and 0 18 — 0 19 in wudtli and caiiies foui bothiidia 

with simple edges No accessory suckers could be obsel^ed 

on the botliiidia owing to inachyity of the m onus, but there 
appears to be present an apical oigan oi sucker (Frg 10) 
anteriorly between the bothridia Tlie neck is most piobably 
absent and the first segment, in these expanded specimens, is 
neaily as wide as long The following pioglottids aie 
increasingly longer than broad, the last haying a length fixe 
to seven tunes the bieadth (0 68 X 0 1-1 in one individual 
and 0 65 X 0 1 in the other) 

The presence of tout unarmed bothridia, nithout 
costae (and separation of the segments fiom the chain before 
matuiity) are undoubted phyllobothiiid chai actors Beyond 
this I am unable to say, just at present, conceining the geneia 
01 species as I could not collect moie specimens owing to ini 

* All measurements given hereafter are m mm unless other- 
ivise stated 
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absence from Allahabad duung the summei months and 
the difficulty of obtaining these fishes latei owing to then 
migration With the letuin of ^vlntel they ^^lll again be 
procurable heie and an attempt will then be made to 
obtain more of these paiasites and to study them m detail 
The occurience of a phyllobothiiid in a fresh-watei siluroid 
IS, however, lemaikable 

Family ICHTHYO'L’AENIIDAE 
Gen »s— ICHTHY OT AENI A 
Type — Ichthyotaenia mtellaiis Nov Spec 
Host — Bagaiius yaiiellii Sykes ( = Pimelodu8 bagaiius 
Ham Buell ) 

Locality — Allahabad, India 

Date of collection — 28th Septembei, 192b 

Tvo specimens of a laige species of tape woims cleaily 
reteiable to the genus Ichthyotaenia Loennberg, 1894 { = Pto- 
teocephalus Weinland, 1858) Meie obtained on the above- 
mentioned date fiom one out of thiee siluioid fishes Bagaiius 
yairelln, dissected that day 

In general aspects this cestode lesembles othei Ichthyo- 
taeniids and is like Ichthi/ofacnia { = P> oieocephalns) i ltal^ 
which I described last yeai (192b) so fai as exteinal 
chaiacteis go, witli the exception of the body size, the 
much laigei head and the well-developed apical oigan The 
length is at least 25 cm and the breadtli of iipe proglottids, 
on fixation, 2 mm and in flattened mounts 3 mm The body does 
not nairow mucli at the head end (Fig 11) Tlio neck is fairly 
long and neaily of unifoim thickness , its bieadth, in peiraanent 
prepaiations, measuies 1 2 It is teimmated in fiont by the 
scolex which is about 0 8 Avide and about 0 52 long Tlieie 

IS baldly any lostellai legion and no spines veie seen on 

the scolex, the suckeis or the neck 

The apex of the head in fiont of the foui suckeis beais 
at its top an inveited cup-shaped oi cap-like oigan vhich 
18 
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IS very conspicuous and appeals both umsculai as well as 
glandulai Of the tvo scohoes obtained one vas paitly 
ciushed and the othei \\as mounted entiie Theiefoie no 
sections of the scolev weie cut and hence its minute stiuctuie 
cannot be indicated, but a fan idea of it can be formed 
fiom the balsam mount (Fig 121 Owing to the cap-like 
airangement of its muscles it seems to be moie in the natuie 
of a ludimentaiy lostellum than a fifth suckei The suckeis 
(diameter 0 16)’^ aie sphencal stiuctuies vith innsculai 
vails and anteiioilj directed naiiow openings hawng a 
diainetei of 0 05 

The fiist traces of segmentation aie visible fiom some- 
vheie between 6 to 10 mm behind tlie head region The 
external division between the segments is not at all maiked 
till about the middle of the stiobila, and is faint thioughout 
It is difficult to deteimme the limits of a large nunibei of 
anterioi segments, but they aie consideiably broadei than 
long At a distance of 8 to 10 cm behind the scolex 
the pioglottids aie only 0 15 long but then wudth is about 
1 75 Aftei anothei 6 cm aie passed, the segments (Fig 
13) are fi\e to seven times asbioad as long The matuie 
segments (with no uteiine dneiticula) aie met wuth in the 
posteiioi thud of the stiobila and aie nearly half as long 
as broad It is only the extieme iipe pioglottids that attain 
a length neailj equal to that of the bieadth The segments 
on the stiobila aie theiefore geneiallj broader than 
long , those ncai the posteiior extremity (iipe ones) aie a 
bit less broad than the mature segments lying in front of 
them The numbei of pioglotrids on the strobila, owing 
to indistinctness of a consideiable numbei of anteiioi 
loints and the breakage of the individual into pieces during 
lemoval fiom the host, cannot be precisely stated In 
the mounted poitions of a single specimen beginning fiom 

T All measuieinents unless staled otherwise are from partly 
flattened mounts of the same woira 
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the posterior end I counted 60u segments up to within 
b or 7 cm from the anteiioi end The total numbei can 
leasonably be put doA\n about 700 oi moie The genital 
apeituies aie just subiiidiginal, iiiegulail^ alteinating and 
situated a little in advance of the tians-vcise middle line of 
the pioglottid 

iNTERyrAL AxATOMY 

2Insci(lai system — The cuticle is veiy thin and easily 
diops off, in many places, in sections of piesened mateiial 
The usual two layeis of longitudinal muscles aie seen in tians- 
verse sections of matuie pioglottids (Fig 16) — an indistinct 
external layei outside the nucleated legion of the subcuticula, 
and a thicker internal layei of longitudinal muscles denial eat- 
ing the cortex from the medulla Thefibies of tlie lattei lajer 
aie stiongbut do not foim compact bundles They are eithei 
scattered singly in the parenchyma oi aie arranged in loose 
groups of two to SIX In horizontal sections passing through 
the body-wall (Fig 17) they aie distinctly seen to bianch fieely 
and to form a layer of muscles aiianged in netwoik fashion 
with AYide intei spaces A thm layei of ciiculai muscle 
fibies IS visible in tiansverse sections (Fig 15) on the mnci 
side of the internal longitudinal muscle fibies The inedullaiy 
paienchyma, paiticulaily in the centie, is tiaveised by slendei 
transverse as well as oblique muscle fibies like those described 
in Ichthyotaenia yahomca (Beddaid, 1913) In fact these 
fibies aie so close at places that one might well i eg aid the 
whole paiencliyma of the legion to have become fibious 

Evoetomy system — The principal excietoiy vessels aie 
foui in numbei, two dorsal and two vential, all lying in the 
medulla The doisal and lential vessels of a pair are neaily of 
the same calibie In the head legion these longitudinal tiunlcs 
foira complete loops lound the coiiespondmg suckei and aie 
connected with one another m the mannei indicated (Fig 
Male gene) ative O) gans — The testes (Fig 14) aie nuinei 
ous, 250 — 275 m fully matuie segments and piesent tlie 
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(ypical ari.ingement met ^\^th in the genus The> fill the 
whole pioglottid bet\seen the vitellaiia and the 0 Tai>, 
though often not quite so denseh auanged in tlie median 
aiea The> he along the doisal sui face of the medulla in 
•a single field, only one deep, except towaids the lateial 
legions Mhere they aie sometimes two deep The testes 
begin to matuie much eailier than the ovaiies In segments 
about the middle of the strobila (Fig 13) and fuithei ante- 
iioilv, iiheie the female gland is yet a naiiow stieak, the 
testes have already assumed their chaiacteiistic shape and 
are seen loosely packed with testicular cells In matuie 
and iipening segments then cavities aie full of masses of 
sperniatoroa 

The cuius sac is longei than broad, almost oval in form 
It nieasuies 0 14 along its widest pait and extends medially 
to about l/6th of the pioglottid bieadth The sac has thin 
vails and lies peculiaily close to the vential suiface of the 
segment (Fig 15) instead of occupjing the usual median 
position betveen the doisal and vential body-vall It 
pushes the layei of internal longitudinal muscles lying on 
its ventral side towaids the cuticle, practically obliterating 
the cortex m that region The unarmed ciirus lies feebly 
coiled within the sac Its distal part is widei and nearly 
straight, but the proximal pait IS nairowei and folded upon 
itself once oi twice It is surrounded by a naiiov lavei of 
circular muscle fibres outside vliich he the gland cells I 
never obseiied the cuius in a state of protrusion 

The vas dofeiens has a few coils inside the eirius sac, 
and after issuing from it loinis, in iipe segments, many 
convolutions along its inwaidcouise In transverse sections 
of such segments tFig 15) it occupies a considerable por- 
tion of the medullary region and 18 full of sperm masses 
The tube torming the coils' is thin- walled, of v ide calibre, 
and extends medially to about the middle of the segment 
The vas deferens, in maturing pioglottids, is much less 
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convoluted and appeals as a nioie oi less Avavy line passing 
diiectly toAvaids the pioglottis centre The emus sac 
alAA^ays lies posteiioi to the vagina and opens into tiie very 
shalloAv genital atiiuin situated close to the proglottid niaigin 
on its ventral aspect 

Female genoative oigans — The OA-^aiy, as usual, lies 
along the posteiioi pioglottis niaigm and consists of tAvo 
fusifoim masses of compact follicles united in the' middle by 
a slendei budge Though iiiegulai in outline it is not 
pioduced into digitate piocesses It extends on eithei side 
to about one-fourth the bieadth of the segment fiom the 
lateial maigin In the anterior maturing segments it is 
veiy naiiOAv, and although the testes are faiily developed 
it IS seen as a meie Avavy streak In both of my specmiens, 
at iriegulai inteiA'^als, the OA'arj presents lemaikable abnor- 
malities as indicated in Text Fig 3, diaAAn fiom various 



Abnormal condemns ol ororv nnd v.tollann seen on aanm.s 

strobila oil vxtellar^s A and B av.ll-developed segments 

segments (1) normal o^ary , (2) abnormal ovary, ( ) g » C ) 
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polhons of the stiobila of the individua] Fig A lepie- 
sents a matmmg segment in A\hich, in addition to tlie normal 
ovaij, IS found an othei similai stiucturc along the anteiioi 
margin Cuiiously enough the vagina is connected vith 
this abnoirnal ovaiy, the noimal gland appears to go with- 
out it At another place (Fig B) is met v itli a segment 
having both an anterior and postei 101 ovaiy, but heie the 
vagina is related to the latter as in the 0ldlna)^ condition 
In the fiist case the proglottid in front of the abnormal one 
has a noimal ovaiy, but in the second case it has an oA'aiy 
situated along the antciioi margin onl\ and the related ducts 
also show a corresponding variation The vitellaiia, in such 
segments, follow the female gland and develop on the anterior 
01 posteiioi 01 both margins accoidmg as the ovary is present 
on one or both sides In Fig C is depicted another set 
of variations of the ovaiy seen in the more anterior portions 
of the stiobila and lepeated at h\o oi three places It can 
be seen from this figure that one-half of the ovaij is deve- 
loped in one segment, the corresponding half in the othei , 
each of these halves has its OAvn vagina, and tlieie is 
no doubt of the two segments being quite independent 
of one another A still more interesting feature is the 
occuiience of an incomplete segmentation (Fig C) where two 
vaginae fiom different ovaries run into a common genital 
pore 1 am unable to suggest any explanation of these 
often repeated abnoimalities and am so fai unaA\aie of 
the occuirence of a similai phenomenon in any othei 
cestode 

The shell gland is conspicuous and lies in the ovaiian 
interspace between its two liaWes and the cential connecting 
piece The egg-e]ector oi “ Schluckapparat ” is less pio- 
minent and muscular but not large It continues into a 
inusculai dilated oviduct v Inch aftei a single oi double curve 
receives the vaginal duct and becomes continuous through 
the ootype into the uterme duct (Text Fig 4 ) 
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The Yagina is slightly dilated at its outei end and has 
its o\\n separate coat of glandulai cells thioughout its length 



Interrelations of ftmalo ducts in the inttr-oi anal space of 1 vitellaris 
(1) vaginal duct , (2) oviducal bulb (3) fertilisation canal , (4) utelline duct, 
fo) ootypo , (6) shell gland , (7) uterine canal , (8) ovarj , (9) isthmus of ovary 

It opens into the genital poie oi the shalloiv atiiuin fioin the 
doisal side (Figs 14,15) and continues inwards along the 
anterioi boidei of the cirius sac In matuimg segments 
the -fthole of its lioiizontal portion lies cleaily anteiior to 
the vas defeiens^ but in fulij’ mature and iipenmg pioglottids 
the lattei grows highly convoluted and oveilaps the vagina 
here and tbeie On leaching the centie of the pioglottis 
it takes an abrupt turn and runs medially backwards towards 
the ovarian budge which it crosses doisally 

The vitelline glands are veiy peculiar and resemble 
those of P) oteocephahis pei plexus La Rue, 1914 [= lehtliyotae- 
nia poplexa (Meggitt, 1927) ] On each side they form a 
L-shaped structure extending along the lateial margin of 
the pioglottis and continuing postenoily toivards the ovary 
which they often partly oveilap (Fig 16) Tlie transverse 
vitelline ducts are not nsible in toto mounts and can be made 
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out With difficult} in transveise sections They appear 
to arise as slendei tubes fiom the inner end of tlie posterior 
pait of the vitollaiia, on each side, and lunning liehind or 
above the oval y unite into a common poition in the intei- 
ovai lal space (Te\t Fig; 4-) 

The uteius is fully developed m iipe piocflothds onlj 
It can hoMO'sei be seen in matuiing segments as a tubular 
stiuctuie hmg m the median line, vential to the vagina, 
extending fiom the anteiioi boidei of the pioglottid 
to neai the oiaiy On its dorsal side it leceives posteiioily 
a naiiov Avavy duct connecting it vith the ootype When 
full gioAvn, it sends out on each side of the median stem 
hve dneiticula Ailiich aie in close contact vuth one anothei 
(Fig 16 ) and contain numeious isolated eggs, each Ayith its 
OAvn coats The exteinal uteiine pores are not obvious in 
peiinanent piepaiations of entiie pioglottids not weie any 
detected in the one senes of tiansveise sections cut hy me 

Systeimatic Position and Diagnostic Chabacters 

In the key to tlie species of the genus Ichthyotacma 
(Meggitt, 1927) giA^en on page 80, the piesent species falls 
undei Section 6, Grioup P In this gioup aie included three 
species, namely, I mao ocephala ^ Ciephn, 1829 , I ittan 
Yeinia, 1926 'and I toi ulosa Batsch, 1786 The species 
heie desciibed differs fiom all these in possessing a pro- 
minent cap-shaped apical organ, a peculiarly situated vential 
emus sac and submaiginal genital pore, an extension of the 
lateial vitellaiia along the posteiioi proglottid margin, on each 
side of the ovaiy and a laigei number of testes in each 
segment It also differs in the numbei of uteiine diveiticula 
and othei minoi featuies In the nature of its yolk 
glands it approaches T pe>plexa La Eue as alieady mentioned, 

T do not agree with Meggitt (1927) tint these species appear 
similar The number of testes m the first according to La Rue 
(1914) IS 100- 120 (not 100—200 as indicated bj Meggitt) and in my 
species 150 — 200 
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Init that species IS distinguished fioni mine by the absence 
of an apical organ in it, the occuirence of many uterine 
diveiticula and other chaiactois The species is theiefoie 
new to science and named Ichtliyotaenia vitellai is with the 
following diagnostic characteristics — 

Host — The Slim Old fish, Bagaiius yaiiellii 
Length at least 25 cm , bieadth 2-3, scole\ 0 8 wide, 
unarmed, with a conspicuous eap-hkc apical oigan Neck 
long Proglottids numbei 700 oi more Genital pore close 
to margin diiected ventiallj oi submaiginal, iriegulaily 
alternating and slightly anterior to middle of proglottis 
margin Genital ducts pass between longitudinal excretorj 
vessels Cirrus sac 0 25 X 0 14 situated close to vential 
surface, reaches j- to i acioss segment Gurus unarmed 
Testes 250 — 275 in mature proglottids, in continuous dorsal 
field Vagina anterior to ciriussac Uteiine diveiticula 5 
on each side Vitellaiia L-shaped, lateial as well as poste- 
rior, following along the liindei margin they extend to the 
ovaiy and often overlap it partly 

Genus — GANGESIA Woodland, 1924 
Type — 1 Gangesia pseudotiopiu Nov Spec 
Host — Pseudotropius garua Day (=Siluiu8 garua 
Ham Buell) 

Locality — Allahabad (Ganges and Jumna) 

Habitat — Duodenum and small intestine 

Quite a large numbei of this interesting cestode, remark- 
able in moie ways than one, Avas obtained fioni twenty 
fishes pui chased from the local markets from time to time 
during the last session The numbei of Avorms infecting 
the various fishes, obtained on diffeient dates, Avas lecoided 
regulaily and is lepioduced beloAv in Table I The per- 
centage of infection is fairly high Sixty per cent of the 
fishes examined haiboured the parasite, but the number of 
worms in a single host is usually limited to one or two , in 
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In permanent piepaiations of entire woiins fixed after 
flattening between t^^o glass slides the various parts measure 
as ludicated in Table III 


Table III 


Measuremenlb m mm of an average-si^ecl woi m and its dotnohed 
segments, fixed after flattening and mounted entire 



StrobiLi 

1 Scolex 

1 

N eck 

1 

Middle 

segmenl 

Postenoi 

segment 

Isolated 

ripe 

segment 

Isolated 

gravid 

segment 

Length 

10 0 

0 288 



2 72 

6 56 

44 

Breadth 

10 

1 

0 304 



10 

1 36 

1 

128 


The cestodes are veiy delicate, usually coiled, and as 
the attachment between the segments of the strobila is veiy 
weak, it IS difficult to separate them entire fiom the intestinal 
mucus The hinder segments break off under the or- 
dinary pressure of a glass slide, so the length can, at best, 
be only approMmately mentioned as varying between 20 — BO 
mm and the number of proglottids in a complete specimen 
between 30 — 40 My largest example had only 36 segments, 
and in the case of a single individual occurring in one fish 
(Table I, Date 1 3 ’27) I counted 28 segments on the 

stiobila and a dozen free proglottids in the lowei intestine 
and rectum of its host 

The scolex is interesting in' that it beais a characteristic 
“ rostellum,” ^ e , “ prolongation of the apex of the scolex ” 
which does not, however, appeal capable of any gieat 
elongation The dimensions of the scolex are given in the 
preceding Tables II and III Its shape in the living con- 
dition IS lather subquadrate (Fig 19) but globular or peai- 
sbaped when fixed It is bioadest in the legion of the 
suckers , the measurements of its breadth noted in the above 
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tables aie between eKternal sides of the suckeis The 
lostellum IS musculai and carnes at its top a cuiious “ apical 
organ” bcaiing a beautiful cioiMi of laige hooks on its 
ciiculai outer niaigin The hooks (Fig 26) nunibei 21 
(17 — 22) and aie aiianged in a single lO^^ i\ith their fiee 
ends directed towards the cent! e of the oigan (when con- 
tracted), 01 pointing a little ouhvaids (when lostelliiin is e\- 
tended) Each hook has a bifid base (Pig 20) and the tMO 
aims aie of unequal thickness The thicker aim is elongat- 
ed along the principal axis of the hook, but the thinnei 
one makes nearly a right angle with the main axis, then 
sizes are mentioned in Table IV 


fABIit IV 

Size ol rostellar hooks m terms of 



Part m front of 

Thicker arm 

Thinner arm 


basal bifurcation 

of base 

1 

of base 

Length 

35—40 

o 

CM 

1 

CO 

13-16 

Breadth 

8—10 

5-6 

3-4 


The apical oigan has a closed central cavity which is 
bowd 01 cup-shaped in the expanded condition (Fig 27), 
but very naiiow^ when contracted as seen in vertical sections 
of the scolex (Fig 28) It does not seem to be capable of 
eversion, but it piobablj’^ serves a boring function (foi 
winch it IS admirably adapted) as also suggested by Wood- 
land (1925 a) in oteocephalus heddm di 

The four suckeis aie small, 80 — 100 in diameter, and 
thm-walled Then rounded oi oval openings face anteio- 
laterally and are fringed with numerous minute curved 
19 
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spmclets about 2 long Thej aic peiceptible diffi- 
cult} in living specimens under gentle piessure, but aie 

distinctly seen in sections undei the high power of an or- 
dinary Leit/ micioscope The scolev, neck and strobila 

aic all covcied with cuticulai spines oi spinelets The 

spinelets on the neck aie flnei andiiioie dense, but those on 
the middle and luiiclei segments aie thicker and less dense 
A. distinct unseginented neck is present Tt is much 
longei and natuiall} thinnei in living than in pieseived 
spcciiiiens as can bo ludged fiom its measuiements given 
in Tables II and III Tlie neck is bioad at the base of 
the scolex and tapers to its nai lowest pait somewhat behind 
the middle of its length It again broadens giadually and 
meiges iinpeiceptibly into the segmented region A feiy 
of the anteiioi segments aie hardly any broader than the 
neck in front At a distance of ncaily 6 mm fiom the scolex 
the immatuie pioglottids aie appioximately square in out- 
line The} then become increasingly longei than broad, 
attaining about the middle of the body a length equal to 
two times the breadth The postenoi half-a-dozen joints 
aie nearly two-and-a-half to tbiee times as long as bioad 
On separation from the chain the segments inciease fuithei 
m length and are often five to six tunes as long as bioad 
The giavid pioglottids are comparatively the wudest neai 
the middle, but appear to shrink in size oiving to consider- 
able lateral development of the uteiine diverticula and loss 
of musculai tissues All but giavid segments aie nearly 
unifoim in bioadth with abruptly wade extreimties On 
account of leady separation of pioglottids fiom one another 
undei pressure the gemtal apeituies could not be observed 
in a number of contuiuous joints In small flattened portions 
of the stiobila mounted on slides they alternate regularly 
and are situated on the pi oglottis maigin, a short distance 
behind the middle tiansieise line The vaginal opening 
lies posterior to that of the on ins sac 
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Internal Anatomy 

The cuticle is thick all ovei the body It is neaily 
tiYice as thick on the middle of the strobila as it is on the 
neck (2 5 M in Cl OSS section) The spines on inatuiing and 
iipemng segments aie stontei though less numeious than 
those on the scolex; and neck Then loots aie deeply 
embedded, appealing in tiansverse sections as thick stna- 
tions crossing the cuticle (Fig 29) The ciiculai muscula- 
tuie IS veiy weak , in fact, it cannot be made out even in 
good sections The longitudinal muscles aie pietty well 
developed In the neck (Pig 25) and anteiioi segments 

they occur as scattered bundles much moie numerous to- 
wards the peiipheiy than the centre, theie being no 
distinction between cortex and medulla In matuiing 
pioglottids the outei layer of longitudinal muscles is lery 
well developed and fills up the entire subcuticulai aiea, but 
the internal layer consists of a slendei band of scattered 
fibi es widely separated from one anothei , so that the corti- 
cal region is but faintly maiked off from the medullary 
The meshes of the parenchyma are verv wide and many 
iipe and fully mature segments, on bemg pressed betiveen 
two slides, split up longitudinally into dorsal and ventral 
halves geneially along the poial margm This also indicates 
that the circular muscles are extremely poorly developed and 
that the parenchyma is very weak 

Four longitudinal excretory vessels occur in each 
proglottid on the internal side of the layer of inner longitu- 
dinal muscles but in tiansveise sections of maturing segments, 
in addition to these, are seen other longitudinal branches of 
equally wide calibre tiaveising the subcuticuhi as well as 
medullary regions The ventral pair are wider than the 
dorsal 

The testes number 100 to 120 in matuimg segments 
(Fig 21) and 125 to 160 in ripening ones (Fig 23) They 
are grouped in two clear fields running longitudinally anterior 



148 


THE ALLAHABAD TTNIVERSITY STUDIES 


to the ovaiy, midway between the pi oglottis contic and the 
lateral maigin In each field they aie disposed in two lows, 
iiregulaily altoinahng A\ith one anothei In toto mounts of 
matuie segments the oval onesmeasuie 80 — 100 mioions in 
length and oO — 60 micions in hieadth, and the ciiculai ones 
have a mean diametei of about 7o microns Their dimen- 
sions in iipe joints, similaily mounted, aie laiger 
(120—140 75— 100 

The cii ins sac in peimanent piepaiations appears as 
a thin--\\ ailed, flask-sliaped (Fig 22) or fusifoim (Fig 23) 
stiuctme measuring m tliefoimei case 225^ X 100/^ and in 
the lattei 260 e X 65e It contains inside it a feebly coiled 
ciirus winch m no segment Avas seen eveited The cirius 
sac passes betAveeii the doisal and vential evcietory vessels 
and opens into the genital atrium , medially it extends to 
the testiculai field but does not cioss it The vas deferens, 
on leaving the cirius sac, is tin own into numerous close 
coils occupying the pioglottis centre Some of the coils are 
slightly widei than the rest and probably function as a 
seminal vesicle 

The ovaiy IS bilobed and postenor Each mass arises 
fioiii a common tiansverse stalk and is either peai-shaped 
(matuiing segment) or elongated (fully matuie and ripening 
segments) with follicles an anged in lateral lobes Immedi- 
ately behind the transveise poition, “the isthmus, ” lies 
the globulai egg-SAvallowei oi egg-ejectoi having a dianietei 
of about 60/* (Fig 81) Its Avails aie proAuded with large- 
nucleated circulai muscle fibres and it is cleaily visible in 
piessed specunens of ripe proglottids (Fig 22) Posteriorly 
the egg-ejectoi opens into a musculai oviduct of unifoiin 
thickness (exteinal diamotei 16/^), avIucIi desciibes on one 
side of the median line a distoi ted figure of 8 or an out- 
AAmidly directed U before it is joined by the still naiiower 
vaginal duct (12 m thick) The OAuduct then takes a back- 
Avard course, turns inwaids, and ascends anteriorly parallel 
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to its descending pait It then enteis the shell gland which 
lies inedialh between the egg-swalloi\ei and the posteiioi 
cuive of the oviduct In some piepaiations the OAuduct is 
iiregulailv coiled 

Pile \agma (Fig 22) opens into the genital atiiuin 
lust behind the opening of the cinus sac and continues, 
along the posteiioi niaigin of the sac, as a naiiow tube 
of diameter 15 running obliquelj mwaids until it leaches 
the centre of the segment It then tuins backwaids and 
continues towaids the shell gland to loin the oviduct after 
crossing the ovarian isthmus on its doisal side A short 
length of the vagina (275 in front of the isthmus is 
slightly dilated to form the indistinct receptaculum semi- 
nis 

The vitellaiia aie fully developed only m a few of the 
teiminal segments completing matuiation and in detached 
iipe ones^ but they can be detected from about the middle 
of the stiobila as faint streaks Even at the height of their 
growth they aie but naiiow bands occupying a veiy shoit 
length along the lateral maigins of the proglottid and 
extend from in front of the ovaiy to a short distance 
behind the genital poie The aporal half is usually a 
little longer than the poral one (Figs 22, 23) Naiiow ducts 
aiise from the vitellaiia neai then hinder extremities 
and lun obliquely inwards and backvaids to unite into 
the common vitelline duct in the vicinity of the ovarian 
bridge The common duct ciosses the egg-ejectoi on the 
side opposite to that on v Inch the vagina passes and entei s 
the ootype fiom its posteiioi side along vith the oviduct 
The intei i elations of the female ducts in the vicinity of the 
shell gland aie shoAvn in Fig 31, aaIiicIi is a photo micio- 
giaph taken fiom a peimanent pieparation ot a well-flattened 
ripe segment On account of the peculiai nature of its 
vitelline glands this species stands out unique among the 
Mulfivitellata (Southwell 1^25), for I know of no other 
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cesfcode piovided with panod lateial vitellana confined to 
such a short poihon of the postenoi third of tlie pioglottid 
length 

Tn the doA^elopinent of the uteuis and the contained 
eggs also the species picsents features of gieat mteiest 
The uteius appeals as a narrow median pillai in some of 
the postenoi segments only and extends fj 0111 the region of 
the ovarj towai ds the antcriQi margin It does not show 
any indication of lateial hi anching 01 of eggs even in the 
last segment of the strobila A.s alieady mentioned, the 
iipenmg of tlie pioglottids commences after then separation 
fiom the chain The fiist change noticed in the uteius is 
its dilation towai ds the extiemities owing to collection of 
eggs in it (Fig 22) As moie eggs are pouied into it from 
the matuie ovaiv it soon becomes full of them and begins 
to send out many lobed branches on each side of it These 
lateial offshoots aie at fiist shoit (Fig 23) but gradually 
extend towaids the periphery and ultimately, as the seg- 
ment becomes giavid, they fill the whole of the inteiioi with 
the progressive atrophy of other internal oigans and tissues 
In a giavid segment therefoie is seen nothing but the uterus 
with its 30 — 40 wide lateral diverticula full of eggs and the 
vagina and ciirus sac which still persist (Fig 24) 

In iipe proglottids the uterus extends posteiiorly to 
the ovarian bridge, sometimes overlapping it from the ventral 
side It leceives from the ootype a wavy uteiine duct 
which opens into it doi sally about the level of the middle 
length of the vitellana Tins narrow portion of the uteius 
seems to be a pait of the original pillar — seen in matuiing 
segments — which has leinained unmodified, the posterior 
piolongation of the uteius behind its opening is in the nature 
of a median diverticula No uterine pores ai e present and 
the eggs or embryos pass out of it by a median rupture of 
the ventral v all of the proglottis which, by the tmie the 
segment becomes gravid, loses a good deal of its musculature. 
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The eggs aie piovided with thiee concentuc mem- 
bianes (Fig 30), the outei two of which form loose coats 
round the embiyo and respectively ineasuie 35 and 22 
in diametei , the innermost suriounds the embiyo closely 
and has an appioximate diameter of 13 It is highly 
interesting to note that some of the eggs develop into em- 
biyos with well-maiked necks and huge vesiculai bladdeis 
(150 — 160 in diameter) while still inside the pioglottid and 
the oiigjnal host A number of these “ bladdei woims” oi 
“cysticeici” with a distinct head, a neck and a bladder 
are met with in advanced giavid segments collected from the 
the lectum of the fish (Fig 30) If this is a noimal occui- 
lence, the cestode assumes great importance as a piobable 
single host parasite — a phenomenon which is very laie in the 
cestoda But the presence of few individuals only, in each 
host, IS strongly against the idea of auto-mfection Piobablj 
it 13 a case of legulai precocious development , oven then 
it has an important significance showing that at some futuie 
date the second host may be done away with if not alieady 
so Anyhow it will be highly inteiestmg to know the sub- 
sequent histoiy of these embijos I tiied to keep some of the 
undeveloped eggs and the embiyos living undei kiboiatoiy 
conditions with a view to study then development, if possible, 
but my fiist attempts proved unsuccessful as I could not 
maintain them alive for a sufficient length of time I 
intend to level t to this fascinating pi oblem latei and to tiy 
to investigate the life lustoiy of this leniaikable cestode 

Systematic Position and Diagnostic Characters 

While engaged in the study of this interesting 
vorm last summer I -nas confionted with a similai 
difficulty as beset Woodland (1924) in lelegating his 
Wallago cestode to its systematic position and Meggitt (1927) 
in identifying some cestodes from Buimese snakes I tv as 
placed in the predicament of having to classify a specimen. 
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as desciibed above, distinctly Ichthyolaemid but -wlncli 
could not be jilaced in any of the geneia of the family as 
they then stood In possessing an aimed lostellum my tjpe 
displayed a chaiactei of the genus Woodland, 

1924 But the tvo-fiold distiibution ol its testes pievented 
its inclusion in tliat genus as dehned b\ Woodland (1924, 

1925 a) This leatuie — testes in tA\o lateial fields — chai- 
acteiises the genus Oj)htoiaema Rue, 1911 {—Qicpidobo- 
i/w mm Moiiticelli, 1889) but it excludes foims possessing a 
lostellum aimed with hooUs Onlj tAvo othei piscine species 
of the family Iclithyotaemidae aie known to me Avliich have 
the testes ai ranged in the same inannei as the species undei 
discussion, namely, Pi oteocephdlui> longicolhs Zcdei (La 
Rue 1911) fiom the salmon, and “Taema” mcdopteiun 
Fiitsch, 1886 [=Pi oteocephahi'^ malopterari (Woodland, 
1925 b)] from the Sudanese electiic eel The fiist of these 
does not possess an aimed lostellum but the second does 
The only way out of the difficulty Avas to eithei extend the 
scope of the genus Pi oteocephahis {Ichihyotaema) so as to 
include foims AVith aimed lostellum and testes in tAVo fields 
as suggested by Woodland (1924), or, letaining the existing 
geneia, to so emend the Woodlandian genus Gangesia as to 
coAei cestodes like the piesent species and P maloptei im 
The foimei course if adopted Avould have made the genus a 
veiy heteiogeneous gioup and hence Avas consideied undesii- 
able Befoie I had made up my mind as to Avhicli of the 
tAAO couises to adopt, I received a copy of a paper by 
Meggitt(1927) Avhicli solved my difficulty, as he has suggested 
therein a modification of the defimtion of the genus Gangesia 
along the lines desiied by me In fact the authoi has lecast 
the classification of the entiie family Ichthijotaemidaem a, 
inannei Avhich appeals to me A’-eiy much I therefoie adopt 
the definition of the genus as given by linn, but piopose tlie 
addition to it of the Avoids “the suckeis, scolex, neck and 
stiobila may or may not bear spinelets ” because my 
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species unmistalcablj has the spinelets on all these 

regions The amended definition of the genus Gangesia 
should thus load as A\ith the chaiacter of the fannlj 

Llitinjotaeiiiidac (Meggitt 1927) ^Mth a scole\ Mitli 

rostellnm aimed -with a ciicle of spines oi liooKs The 

suclcojs, scoloK, nock and stiobila maj oi ma}' not beat 
spinelets Testes in one oi two lateial fields Vagina 
anteiioi oi posteiioi to emus sac Adults in fish 

The ne\\ species is theiofoio (ho fifth of the genus 
Gavgc^ia as aboie defined, and diffeis fiom the four species 
included in it by Meggitt (1927), among othei chaiacteis, 
bj the lestiiction of its lateral Mtollaiia to a shoit portion 
of the piogloitis length between the ovaij' and the tiansveise 
line passing thiough the genital poie, by its lostellum 
bearing an apical oigan aimed with laige hooks having 
a bifid root , by the si^e of its eggs and by then often 
de^ eloping into the bladder worm stage ^\hllc still inside 
the giavid pioglottid, vitliin the body of the oiigmal host 
Tiie species G pseudohoim may be distinguished as 
follows length of stiobila 20 — 40 mm Nvith a maximum 
bieadtli of 1 mm Pioglottids nunibei 30 — 40 in mature 
woims, veiy naiiow anteio-posteiioip m fiont, squaie neai 
the middle of the strobila and much elongated posteiioily 
!^^ature segments scpaiatefiom the chain befoie ripening, 
but lemain in the lectum of the host until they become 
giaiid and develop, in some of them at least, a bladdei- 
V 01 111 stage fiom the contained eggs Scolex about 192 
micions long and 240 micions bioad Suckers sinall 80 100 

microns broad, with projecting edges beaiing close-set 
spinelets Rostellum Avitli an apical organ aimed Avitli 17 22 

prominent hooks of length 53 — 60 microns Neck and sti o- 
bila both coA’^ered A\jth minute spines oi spinelets (jenital 
apertuies maiginal, behind the middle tiansimise line of the 
proglottid , Axaginal opening ahvays posterioi to that of the 
emus sac Testes 100—120 in matme, 125—160 in detached 
20 
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iipe segments, ananged m two longitudinal fields anieiioi 
totlicovaij Vas deferens closely coiled in well-developed 
lomts Ovary bilobed, posterior , egg-ejectoi distinct in iipe 
segments, diamotei 60 micions Yitellaiia lateral, abort, 
between ovaiy and tiansverso line of genital pore , aporal 
half slightly longei than poral Uterine, vaginal and vitel- 
line ducts all dorsal to the ovaiian isthmus Utei us narrow, 
tiibulai , devoid of eggs even in the last segment of the 
stiohila in iipe pioglottids "with 30 — 40 lateral diveiticula 
full of eggs Eggs with thiee membranes , outermost 35 
micions in diameter, innermost 13 microns in diameter 
closely investing tlie embryo Some of the embryos develop 
a bladder (diametei 150 — 160 ft) and a neck Avhilc still 
inside the giavid segment m tlie lectum of the host Habitat, 
duodenum and small intestine of Pseudoti opius garua Day 
(a small siluioid fish) found in the iiveis of the United 
Piovinces, India 

2 Gangcsia hcngalensis Southwell, 1913 
Soutliwell desciibed a species of cestode, Ojgh yocotyh 
Ijcngctletisis, which he found in the intestines of Opliioceplialus 
stiiatus, Labeo lohita (1913 a) and Wallago attu (1913 b) 
fiom Bengal His description is iiieagie and confined mainly 
to exteinal features Latei, Woodland (1924) gave a fullei 
account of some cestodes, named Oangesta toallago, obtained 
by him fiom the intestines of Wallago attu at Allahabad 
These weie legal ded identical with Southwell’s Oph) yocotyle 
ie?)po?e?;s?s (Woodland 1924, 1925 a) 

One of the D Sc Research Scholars of the Department, 
Ml Dhaiam Naiain, was engaged in working out the 
Wallago cestodes in 1924 But he had not completed his 
work when Woodland’s papei (1924) appealed in print and 
he, naturally, gave up the idea of pushing this woik fuithei 
He, howevei , retained some of his pieparations and has 
noA\ kindly passed them on to me I am obliged to him 
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foi tins On compaiing these piepaiations and those I had 
made, fiom time to time, of specimens obtained fiom the 
same fish, with a new species which I have above desciibed 
as Gangesia pseiidot) opii, I noticed that the specimens fiom 
Wallago attu weie not all alike This led me to make fiesh 
collections and to study these forms in detail As a lesult 
of this I find that theie do occui in Wallago attu two dis- 
tinct but closely lelated species diffeiing from one anothei 
by well-maiked featuies as indicated heieaftei 

Woodland published his account aftei leaving India 
and had only pieseived mateiial with him Hence it is 
not suipiising that he failed to detect the diffeience between 
tbe two foims winch have got niivcd up in Ins description 
It 18 , howevei, to be noted that at one time be also thought 
that there weie two kinds of cestodes m this host as appeals 
fiom the sentence “ The laigei of these cestodes diffei 
gieatly in length, thickness and foim but I believe these 
diffeiences are only due to local oi general contiaction, 
though at the time of collecting them they appeared to be 
separable into distinct lands ” Fiom the account given 
by this author of his '"''Gangesia ivallago" it is not easy to 
judge as to which of the two forms his desciiption moie 
agrees with One of these, the smaller of the two, has a 
rostellum (Figs 34 and 41) aimed with about 51 laige 
spines (aveiage length 40 micions) arranged in two circular 
lows, and each mature segment (Fig 36) contains about 200 
testes the total numbei of joints on the stiobila is 200 oi 
moie The othei species is cbaiacterised by a lostellum with 
about 31 small spines (average length 22 microns) lying 
on a single circular row (Fig 43) Each mature segment 
(Fig 40) contains only about 100 testes, and although 
the number of proglottids in a complete worm is nearly 125 
only the total length of the strobila fai exceeds that of the 
otliei worm, owing to the laigei dimensions of its joints, 
quite a number of which aie longei than broad lor tlie 
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sake ot comparison, in addition to canicia Incida drawings, 
aie fuinislied photoiniciogiaphs of mounted scoliccs and 
mature segments of both the forms side by side (Figs 41, 43 
and 42, 44) On lofeiiing to Southwell’s papeis (1913 a, b) 
it appeals that the ccslodes desciilied b'\ him all possessed 
two lows of liooivs on the rostclluin, the number of which 
as noil as the si/e of the woims generally tallies more with 
that of the fiist of the two kinds distinguisheda bove 
Theiefore I regaid that as tTon^rrsm heu(jaknsi‘; and rede- 
Bonbe it as such The other, laiger foim, is designated 
(ranpesm a(/i«e«s?s in vutue of my having collected speci- 
mens of it fiom fishes obtained fiom vaiious parts of the 
piovmce of Agia and desciibed, for the first time, as a new 
species, in this papei 

Most of the laigei fishes dissected by me weie infected 
with a vaiying number of these paiasites In one big fish 
examined latelj I obtained ten specimens of G hengalcnsis 
hut only three of G agiacnsis , wheieas, in July, 1926, I 
found two laige examples of the latter species only fioni a 
huge Wallago caught from one ol the tanks at Mainpun 
(Agra Division) A living woim, when removed from the 
intestine of the host, is much coiled and difficult to measuie, 
but on being left undisturbed in salt solution foi some time, 
it stiaiglitens out and gets faiily expanded Measured in 
this condition the worms indicated the following dimensions 
in mm — 


Length 

o£ 

sti obila 

Greatest breadth 
of strobila 

Length 
of nock 

Length ] 
of scolex 

Breadth of 
scolex 

Diameter 
of sucker 

30—60 

0 6—0 8 

1 6—2 5 

0 344—' 
0 43 : 

0 387— 

0 473 

01—125 


The average length given by Southwell (7 5) appears 
to be eithei of highly contracted individuals oi of 
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mcoiniilelo ^^ornls, but tho two long specniicns ol)taine(l by 
him (of length 22 and 27) appioach in si/e the living cestodes 
obtained bv me Some of m^ specimens mounted cntiie 
(deposited as t>po slide Xo in the Calcutta Museum) 

mcasuicas follows — 
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1 
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The scolex (Fig 81) A\itli its four sucKeis and the 
lostcllum is of tho nature desciibed by Woodland (1924), but 
the lostollar hooks are distinctly grouped in two ciiculai 
lows (Figs 35, 41), and the measurements gnen by him of 
these paits apply to both species taken togelhei The 
hooks of O hengaUnsOi aie large, 37—44 microns long and 
have an ii regular base with tw'o loundod knobs, in different 
planes, one ofwluch is oftenei morepiominent than tlieothei 
(Fig 41) They are all of one kind and shaped as shown 
in Fig 33 The spinclcts on the suckeis aie close-set, 
short, stoutish stiucturcs, easily visible undei the highpow^ei 
of an ordinary microscope, and aie arranged in six oi moie 
row^s They occur on half to two-third the margin of the 
sucker as observed by Woodland, but aio seen in all of my 
prepaiations 

The neck (as an unsegraented poition of the stiobila) 
is of tho length noted in the above tables (Figs 32 and 
37) Southwell mentions it as 2 5 long, but ^ Woodland 
considered tho neck in contiacted specimens apparently 
absent ” and very short even wdien extended I presume 
the latter author had the other species {Q agiacnsis) under 
observation when describing tho neck, or he was misled by 
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the AMinlcled inaigin of the worms m conectly detei mining 
its extent 

A nunibei of anteiioi segments aie exceedingly naviow 
and the tiausveise wj inkling of the lateral niaigms makes it 
all the more diificult to deteimine the tine strobilisation at this 
end The first distinguishable lomts aic 15 to 20 times 
bioadei than long The middle segments are nearly half as 
long as bioad, but the posterioi inatuie proglottids have a 
length iieaily equal to the bicadth , only in some yell-extended 
woinis the segments aie a little longer than broad The total 
numbei of loints in a mature woini exceeds 200, the anteiioi 
100 01 125 of which arc evtiemely naiiow and crowded 
together It is only in segments following those that the lepio- 
ductive oigans begin to bo cleaily seen The testes inatuie 
eailiei than the ovary which attains its full grown foiin in 
the last 35 to 50 pioglottids Few or, in some cases, no ripe 
segments are met with on the stiobila and the uteius 
when blanched has 10 — 15 diyeiticula No uterine pores are 
visible the segments appeal to ripen fully after detachment 
from the parent body and piobably aftei passing out of the 
intestine of the host The sexual openings aie iriegulaily 
alternate and marginal , in no case do I find them ‘almost all 
on one side’ as observed by Southyell (1913 a) They he 
on the middle transverse line of the proglottis oi a little 
anterioi to it, varying in position according to the con- 
dition of conti action of the part 

The aiiangement of the genitalia and then foim can 
be seen fiom the Figuics (36 and 4-2) provided The two 
lobes of the ovaiy aie transversely elongated and connected 
by a naiiow median isthmus The widest pait of the ovaiy, 
antero-posteriorly, even at the height of its development 
hardly exceeds a quarter of a mm in length The uterine 
diverticula, as described by Woodland, occui m the 
other species, G ag^aensih The vagina is feebly dilated 
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neai the opening and does not show any other dilation 
Its tiansveise part varies in position Avitli regard to that 
of the emus sac in different segments Sometimes it is 
anteiior and sometimes posterior to the ciirus sac, and so 
IS the case with the lelative openings of the two The 
testes lie in one continuous field as stated by Woodland, 
but then numbei , in each segment, is 200 or moie , the 
largest of them, in veil-flattened mounts, nevei exceeds 
in length 70 microns The cnnis sac is a narrow 
elongated structuie which in the uuevoitedand uncontracted 
state extends to about one-thiid the distance acioss the 
proglottis The ciinis lies coiled inside it and has a wider 
extremity The figuie of the mature segment given by 
Woodland agrees vith that of the neAv species, but the 
sketches of the scolex and its parts are of piepaiations fiom 
this species 

The excretorj’ canals aie double on each side, a vential 
and a dorsal, situated close to the lateial border of the 
testiculai field , they are nearly of the same calibre 

The species G bengalensts should theiefoie be dis- 
tinguished as such — Length of stiobila 30 — 50 with a 
maximum bieadth of 0 8 Pioglottids 200 oi more, very 
nariow antero-posterioily in front, neaily squaie oi some- 
what longish posteiiorly Lateral margin of body often 
much wrinkled Scolex aveiage size 0 387 long and 0 43 
bioad Suckers with small openings and pi ejecting edges 

0 l—O 125 in diametei, seveial rows of close-set spines along 

1 to fids the margin Rostellum with about 51 spines 
aiianged in two ciicular rows alternating watli one anotlier , 
all of one kind, 37—43 micions long Neck laterally wrinkl- 
ed, neaily 2 0 long Testes 200 or ovei, rounded in outline , 
aveiage size in piessed mounts 50 microns in diametei 
Stiobila without oi with few iipe segments, uterus unbranched 
or With 10 — 15 diverticula in the posterior proglottids 
Grenital openings on the mid-ti ansverse maigin of the 
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\n'oglottia 01 ’ shglitW atitenor to it , the cirrus sac and vaginal 
openings vary as to ivluoh is anterior Cirrus sac extends 
mediallj^ about ^id acioss the segment Habitat intestine 
of Wallago attu Bleek , Oplnoceplialiis striatus and Labeo 
loiuta, nveis and lakes of India 

3 Guncjasm aguiom'i Nov Spco 

This species occurs mixed up with G hengahn'iis as 
already mentioned vben descnbing it Some of tlie features 
distinguishing these two species (fiom a common host) have 
also been noted m the same connection and others aie 
enumeiated latei Tins foim does not appear to be so common 
as the other but I liave often come across fishes infected 
by it alone Moie commonly, particularly at Allahabad, 
the Wo species are found to exist together in the same 
individual, occupying any legion of the alimentaiy tiact 
fiom duodenum to commencement of large intestine, and 
occasionally in the stomach 

The woims when full grown are much longer than G 
bengalensjs One of my complete specimens in salt solution 
measnied inoie than 100 inni in length and anothei about 
80 mra The average dimensions in life, taken as a mean 
of foni individuals, aie as follows — 


Length ot 
strobila 

Greatest 
breadth 1 

1 

Length of 
scolex 

Breadth of 
scolex 

Diameter 
of sucker 

i 

Length of 
neck 

100 

14 

1 

03 

1 

0 36 

( 

0126 

1 5 


From tlie above table it is cleai that although this 
cestode is longer and thickei than the other it bears 
a compaiatively smaller scolex and shorter neck A 
specimen mounted entiie after flattening, (deposited as 
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type slide No m the Calcutta Museum) shows the 
following dimensions — 


Part I 

Head and Neck 



Scolex 
(contracted 
partlj ) 

Rostellum 

Sucker 

Rostellar 

hooks 

Strobila 

Neck 

Length 

041 

0 194 

019 

20—25 

210 

30 

Breadth 

060 

0 258 

0 17 


25 

0 58 


Part II 


Segments of the Stiobila 



Anterior 

ones 

Early 1 
maturing, 
20 mm 
behind 
scolex 

Mature, 45 
mm behind 
scolex 

Just ripen- 
ing, 60 mm 
behind 
scolex 

Ripe, 100 
mm from 
scolex 

Length 

0 064 

0 13 

1 65 

1 72 

2 60 

Breadth 

1 250 

1 58 

1 60 

1 62 

1 72 


The head or scolex displays the characteiistic structure 
of the genus in that it possesses a muscular rostellum armed 
wuth a fiinge of hooks They (the hooks) are all alike 
(Fig 39) and arranged in a single row along the circular 
maigin of the rostellum (Fig 43) In peifect scolices they 
numbei 31 but get easily dropped in removing the worm from 
its host, or are of a deciduous natuie, for, in many of the 
mounted specimens, theie are gaps in the circle and the 
number of hooks varies according to these gaps Then shape 
IS indicated in Figs. 39 and 43, and their total length 
varies from 24 to 26 microns, The suckers are nearly 
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circulai in outline ^^lth laige openings and bear only one 
(at places occasionallj two) low of minute spines lusibleundei 
the high powei of an oidinaij micioscope 

The nock, paitly owing to its gieatei breadth and partly 
due to the smallei si/e of the seolex;, is not so well marked 
as in the othei sistei species In the conti acted condition it 
IS about as thick as the head and haidly one inin long, but 
M hen expanded (Fig 38) it is distinctly naiiowei than the 
head and tii ice as long as it is when contracted It continues 
imperceptibly into the aiiterioi pioglottids xslncli aie at 
hist tweut} times bioader than long, but become comparatively 
longei much soonei than in G henqahusis At a distance of 
one-fouith the body length fiom the anteiioi end their 
length equals the breadth and they commence to iipen (i e , the 
utcius begins to bianch and to show eggs inside it) About 
the middle of the stiobila the segments fFig 45) are full} 
iipe, xMth well-developed utei me diveiticula and are, when 
expanded, neailv one-and-a-half times as long as broad The 
following pioglottids aie still longer than broad and begm to 
turn gravid The total nuinbei of segments on the stiobila 
is approximately 125 oi more, but never exceeds 150 The 
mounted specimen wdiose dimensions are given above has 
about 120 easilj countable joints, 75 of wdiich possess uteii 
with diieiticula (fiom just ripenmg to gravid) The genital 
apeituies alternate ii regularly and lie on the proglottis 
margin cleailj cephalad to the middle tiansverse line 

The leproductive oigans have the same geneial disposi- 
tion as in the othei species from the same host, but they 
matin e and ripen more quickly in this foim as is evident fiom 
the veij laige number of iipe segments on the body In 
fact, moie than half the strohila in this cestode is made up of 
segments vaiying fiom iipemng to gravid The bilobed 
ovary when fully formed (Fig 40) is fairly big Each, lobe 
IS one-fouith to one-third as long (antei o-posteriorly) as the 
containing pi oglottid and is connected with the other by an 
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isthmus nc<ir the middle of its length or fuithci caudad The 
uterus, lu ripe segments (Fig 45), is copiously blanched and 
extends to the posterior limit of the segment ^entlal to the 
ovary The number of uteiine dneiticula \aiies between 
20 to 30, and 3 to 5 uteiino poies aie clcailv visible in some 
of the stained picpaiations (Fig 47) of iipc and gi avid loints 
as well as in tiansiersc sections of the same (Fig 46) Jilost 
of the embiyos piobablj escape into the intestine of the host 
before the isolation of the segments fiom the sliobila as a 
numbei of posteiioi pioglottids contain vciy few oi piactically 
none of them The lagina is like that of G hcagakubn and 
its position, lelatnc to that of the cirrus sac, ns veil as that 
of their openings is also siinilailj vaiiable The testes he in 
one continuous field scveial la^eis deep and numbei about 
100 01 moie They aie gcncially circulai m outline oi aie 
tiansveisely elongated (inaj be duo to picssuie) Tlio laigest 
of the rounded ones m pressed specimens of iipe segments 
nas a diamctei of 107 5 micions and the smallest of 64 5 
microns The Mtellaiia occupy the usual marginal posi- 
tion as broad bands extending fioin one end of the pioglottis 
to the other, appealing very neaily continuous fioin segment 
to segment Both testes and vitellaiia aie medullaiy in posi- 
tion (Fig 46) The ciri us sac is not quite so narrov as that 
oftheothei species G hengalensts and laiely extends to one- 
third the distance acioss the pioglottid It contains inside 
it a coiled ciirus which when fullj eveited (Fig 48), under 
pressure, IS neaily a millimetie oi moie long On leaving 
the cirius sac the vas defeiens, in matuie and iipe joints, 
widens and gets convoluted along its inwaid couise It 
terminates imperceptibly in the centie of the segment The 
eggs contained m the uteius possess tliiee envelopes the 
outermost is very thin and measures 66 microns in eggslibei- 
ated in salt solution The dimensions given by Woodland 
(1924) in connection with G hengalensts, of eggs fiom the 
intestine of the fish do piobably apply to this cestode 
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The excretory longitudinal vessels, as seen in stained 
piepaiations and in living worms undei pressuie, are two 
on each side They aie situated at a distance of about one- 
fifth the breadth of the segment fiom the lateral margin 
The ventral vessel is the wider of the hvo (Fig 46) and 
gives a pietty wude transverse branch close to the hinder 
hoidei of each pioglottid 

From the foiegoing account it is manifest that, in addi- 
tion to the chaiacteristics alieady pointed out ■when rede- 
sciibing G hengahnsis, this species fuithei differs fiom it 
(i) in possessing only one or at places hvo io'vn’s of spmelets on 
the suckeis instead of several ioays , (ii) by cai lying a large 
numbei of iipe and gravid segments on its strobila with 
20 to 30 uteiinc diverticula and 3 to 5 uterine pores , and 
(ill) by the much laigei average size of its testes 

Diagnosis of the new' species G agiaensis — Length of 
stiobila 100 or moie, mavinium bieadth 1 4 Pioglottids 
numbei 125 — 150, veiy nairow m front, squai e about ^-tli 
the length of the stiobila fiom the scolex , piogiessively 
longei than bioad subsequently , nearly half of them are 
iipe to gravid Scolex on an average 0 3 long and 0 36 
bioad Suckeis nearly circulai, with wide openings, diame- 
ter 0 125 , fringed usually Avitli a single low of spmelets 
Rostelluin wutli a single circle of about 31 booklets or hooks 
of one land, about 22 microns in total length Neck shoit 
Ovaries bilobed, anteio-posteiioily elongated Uterine 
diverticula 20 — 30, overlapping the ovary uterine pores 3 — 5 
Testes about 100, diameter 64 5 — 107 5 micions Genital 
openings well in advance of the middle transverse margin, 
irregulaily alternating, cuius sac and vaginal apeitures 
vary as to -which is anterioi Cm us sac hardly extends 

medially to ird across the segment, ciirus when everted 
veiy long and naiiow, without spines Habitat intestine 
of "Wallago attu Bleek , riveis and lakes of U P , 
India 
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New Key * to Species oi the Genus Ganqcsta 


1 Kostellnr hooks indofimto (nnmorous), loss 

than 10 /I long 2 

Roslollar hooks definite (below GO), more 
than 10 ft long 3 

2 Uterine di\ orlioula 6 — 8, losles in one hold G osculata 

(Goo/e, 1782) 

Uterine dnortioula about 24, testes m two 

or one (?) field . G maloptenn i 

(Fritsch, 1886) 
(Woodland, 1925) 


3 Testes intvso lateral fields, Mtellanu short, 

between o^ ary and genital pore G pseudoiioptt 

(Nov Sp) 


Testes in one field , i itellaria long, through' 
out proglottid length 4 


4 Rostollar hooks not uniform, of two sizes 

both less than 18 p long G maciones 

(Woodland, 1924) 


Rostellar hooks uniform, of one size, more 
than 18 p long 5 

5 Rostellar hooks about 22 long, m one row, 
about 30 in number, testes nearly 
100 or more G aqiaensis 

(Nov Sp) 


Rostellar hooks about 40 f- long, m two 
lO'vis, about 50 in number, testes 
nearly 200 or more 


G' l)C7VQCtl/67tStS 

(Southwell, 1913) 
(Verma, 1927) 


• I regret I cannot insert my species in the key drawn up by 

MegBitt(1927) because (-) he does not hi 5.) 

features m the anatomy of ff malcpteruri described by Woodland (l92o b) , (u) 
the new species described here show great variation in the number of uterine 
diverticula, and (m) the characteristics oft? bongalens^s have been revised 
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MONOZOA 

Family ASIPHILINIUAE 
AmpJnhna pmoffouopoia Woodland, J923 

Following arc lecotds of this species not hitheito 
published 

(I) A New Host . — Woodland (1923) desciibcd the 
species fioin the siluioid hshes, Maciones seenghala and 
Wallago attu Dunng the jears 1926 and 1927 I had the 
opportunity of dissecting a number of anothei fish of the 
same family as those above-mentioned, namely, Bagarius 
yarrellu Sykes ( = Piinelodus baganus Ham Buch) ivhich 
was found infected with this paiasite as lolJoivs — 


Date 

Number of fishes 
oxauimed 

Number of parasites 
obtained 

3th Sepi , 1926 

1 

Nil 

28thSepr,ig26 

a 

h irst Nil 

Second 1, orange coloured, 
12 inches long 

Third 2, largo as above 

lath Aug , 1927 

1 

Nil 

20lhSepr , 1027 

2 

One in eaoh 

1 


All the above paiasites were found m the body cavity 
of the host geneially towaids the antoiioi jiait of it, as 
noted by Woodland 

(II) A New Region — As mentioned above all the 
specimens of A pai agonopoi a obtained by Woodland as well 
as by me in the new liost were found to he fieelv, oi wound 
round the ahraentaiy canal, in the body cavity In one 
specimen of Haciones seenghala dissected in the LI Sc 
Class, by one of om students on the 25th of August 1925, a 
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complete living example of this species Avas noticed inside the 
ovary of the fish The ovary was carefully examined 
and found intact on all sides, theiefore it cannot be said 
that the worm had lately bored into it from the body cavitj 
I think it developed fiom a young stage inside this organ 
vliich it had leached somehow The length of this 
aiiiphilina was about 8 inches and its colour creamj yelloAV 
In conclusion I wish to express my gratitude to Di 
D K Bhattachaiya, D Sc (Pans), PhD (Dublin), Head of 
the Depaitment of Zoology, foi vaiious facilities so kindly 
pi OTided by him in connection with this paper and 
certain suggestions conceining the same 
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Key to Lettering used in Figs 1 to 48 


al — anterior looulus of bothri- 
dmm 

ao — apical organ 
I — bothridmm 
hh — bothridial hooks 
hi — bladder or ^ esicle 
hm —basement membrane 
c —Cirrus 

oao — ca^ ity of apical organ 
cl — oirculai layer of muscles 
cs — cirrus sac 
cu —cuticle 
e —eggs 

eo — exorelorj canal 
ee — egg-ejector oi egg-swal- 
lower (schluckapparat) 
fc — fertilisation canal 
fp — fibrous parenchyma 
ga — genital aperture 
— intern il layei of longitudinal 
muscles 

— inner prong of bothiidiil 
hook 

— isthmus of ovary 
hnf — longitudinal muscle fibres 
In — longitudinal muscles of neck 
ml —median looulus of bothn- 
dium. 

mp —muscle pad 
n — neck 


of— outer layei of longitudinal 
muscles 

op — outei piong of bothridial 
hook 
ot — ootype 
ov — oviduct 

ovto — oviducal wall showing 

large-nucleated muscles 

pi — posterioi locuhib of bothri 
dm 111 

) —rostelhim 

rJi — rostellar hooks 

s — scolex 01 head 

sc —nuclear layer of siibouticula 

sq —shell gland 

,ini — sperm mass 

<jp — spines 01 spinelets 

su — sucker 

gn — seminal vesicle 

syp —spongy parenchyma 

t — testes 

uc — uteiine canal 

uteiine diverticula 
up — uterine pore 
ut —uterus 


-vagina 

—vaginal duct oi canal 
— vas deferens 
— vagmal seminal rocept- 




0 — ovary — vitellaria 

vld —vitelline duct. 

— ,jiy thanks to Mr 
In this connection 1 wish to con j ,, photomiorographs 
Itainapat Rai, aitist of the Depaitment, oi 
that are included in the above figures 


33 
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All diawiiigs, unless mentioned as photomicrogiaplis 
made the cameia lucida 

Explanation or Plate I 

(Figs 1 — 5 Acanthohothi }nni semnovesiciilum n sp) 

Fig 1 — Entire speounen of A semnovestcitlum showing slrobi 
hsation and genital pores 

Fig 2 — Pliotonnorograph of longitudinal section through the 
head bothridi.x and hooks On the left one 
hook IS out transx orsoly and shows the central 
cavity 

Fig 3 — Flattened matuio pioglottid from middle of strobila 
Fig 4 — Enlarged drawing of the female ducts m the inter-ovarial 
space 

Fig 5 — Photomioiogiaph of transverse section of a posterior seg- 
ment, m front of tho genital pore, indicatmg the 
large seminal vesicle full of speims and the 
spongy paienohvma 
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Explanation op Plate II 

(Figs 6 — 9 A set?inovcstcu7um Fig 10 PliyllohofJn itd 
costodo gon n sp mq ) 

Fig 6 — Flattened soolex of A scmnovesiculum showing distinct 
suckeis, muscle pads and bothndial loculi 

F'p 7 — Magnified surface ^^ew of scolex indicating the arrange- 
ment of boflindial hooks (inner prong longer 
than outer) 

Fig 8 — Photomicrograph of horizontal section through the 
o^a^J , m the centre is visible the spherical 
egg-swallower and the oviduoal bulb with thick 
muscular walls having large nuclei 

Fig 9— Anterior half of a posterior segment , shows the character- 
istic seminal vesicle and the retracted spinose 
cirrus 

Fig 10 — Photomicrograph of a Phylloboilirtid oestode, gen and 
sp inq 
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Explanation or Plate III 

(Figs 11 — 18, Ichthyotacma vitellarisn sp ) 

Fig 11 — Antenoi end of 7 micffaus, somewhat flattened 

Fig 12 — Magnified view of the head region showing the oap-hke 
apioal organ, the suckers and the exoretorj 
canals 

Fig 13 — Maturing segment from the middle of the strobila , testes 
developed but ovary anariow streak 

Fig 14— Mature flattened proglottid 

Pig 15— Transierse section of a ripening segment through the 
cirrus sac 

Fig 16 — Right half of horwontal section of a ripe proglottid 
showmg the uterine diverticula and L-shaped 
vitellaria 

Fig 17 — Horirontal section of body-wall through the internal layer 
of longitudinal muscles 

Pig 18 — Highly mignified view of transverse section passing 
through the body-wall 
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X26 


X400 
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ExpijAnation op Plate IV 

(Pigs 19 — 2b , Gangesia psBudotropina sp) 

Pig 19— Anterior end of an impressed specimen of O pseudotropii, 
cleared m creosote 

Pig 20 — Three hooks from the lostelhim 

Pig 21 — Photomicrograph of i mature segment, feeblv pressed, 
testes m two irregular rows, uterus a thin 
median tube 

Pig 22 — Photoimciogniph of a flattened proglottid, commencing 
to ripen , shows the characteristic \itellaria, the 
convoluted vas deferens (seminal vesicle) and 
the widened extremity of tlie uterus owing to 
reception of eggs 

Pig 23 — Photomicrograph of an isolated ripening segment showing 
the origin of the uterine diverticula The 
globular egg-ejeotor is seen behmd the isthmus 
in this as well as the previous figure 

Pig 24— Photomicrograph of a detached gravid proglottid showing 
uterine diverticula with some eggs and the 
rupture of the ventral body-wall 

Fig 25— Photomicrograph of a transverse section through the 
neck to show the cuticular spines, scattered 
bundles of longitudinal muscles and the ex- 
cretory canals 
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Explanation op Plate V 

(Figs 26 — 31 , G pseudoiropit — oontd ) 

Pig 26 — Flattened rostellum with its muscular apical organ and 
Grown of hooks 

Figs 27-28— Longitudinal sections through the head end showing 
the structure of the apical organ and the 
suckers 

Fig 29— Photomicrograph of trans\ erse section tlirough a mature 
proglottid 

Pig 30 — Photomicrograph of an advanced gravid proglottid to 
show the development of some eggs into the 
oysticerous stage 

Fig 31 — Photoraiorograph of a flattened mount, in the region of 
shell gland, indicating the inter-relations of the 
female ducts 
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x235 











SOME OESTODES EBOM INBIAN EISHLS 


176 


Expeakation of Plate YI 

(Pigs 32 — 37, Gfliijrcsia icwyaicMSis Southwell, ind 
Figs 38 — 40 , G aqi aensis n sp ) 

Pig 32 — View of antoiior end of a piessed specimen of G benqal- 
ensts 

Pig 33 — Five spines in \aiious positions 

Pig 34 — Magnified view' of head end showing the lostelliim with 
its hooks and suckers with narrow openings 
and spines 

Fig 35 — Enlarged drawing of part of lostellum showing the 
arrangement of hooks in two rows 

Fig 36 — ^Flattened mature proglottid , testes about 200 

Fig 37 — Longitudinal section through head and neok, not passing 
through the suckers 

Fig 38 — Anterior end of a flattened specimen of G agraensis 
suckers with w'lde openings 

Fig 39 — Pait of a pressed rostellura showing the natuie and 
an angement of its hooks 

Fig 40 — Flattened inatuie proglottid, testes about 100 
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Explanation or Plate VII 

(l''igs 41-42 , G ienffalensts—oonUl 
Figs 43 — 48 , G ag) aensis — contd ) 

Fig 41 — Photomicrograph of part of soolox of G hengaleiisis show- 
ing arrangement of rostellar hooks The low er 
sucker to the right shows some spines 
Fig 42 — Photomicrograph of a mature flattened proglottid 
Pig 43 — ^Photomiorogiaph of pait of scolex of (? a^roewsts indicat- 
ing the number, shape and arrangement of ros- 
lellai hooks Some of the spines on the edge of 
suckers are faintly seen 

Fig 44 — Photomicrograph of a mature flattened segment 
Fig 45 — ^Photomiorograph of a ripe proglottid showing uterine 
di\ erlicula with eggs , no uterine pores are 
visible 

Fig 46 — Photomicrograph of transverse section of an advanced 
ripe segment, m the region of the ovary , the 
wide ventral excretory vessels and the uterus 
sac forming the uterine pore is clearly seen 
Fig 47 — Photomicrograph ot a gravid segment showing the five 
uterine pores, the diverticula have lost most of 
their eggs 

Pig 48 — Proti uded cirrus 
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1 INTRODUCTION 

The present piece of work was undertaken with 

a view 


to elucidate certain points regarding tlie bchavioni of Golgi 
bodies, Mitochondria, Nucleolar Extiusions and Yollc during 
the Oogenesis of the common earthworm, Pheretima posthuma, 
found in abundance througliout the yeai in Northein India 
This aminal has anothei advantage in that the developmental 
stages can easily be traced out in the same ovarian tag, parti- 
culailyinthc bieedmg season The ovary, howcvei, does 
not furnish all the consecutive stages after the breeding season 
IB over Luckily, ray work started just before the bi ceding 
season was over and I was able to collect o vanes fiora earth- 
worms which -vNeie quite mature 

This work was suggested to me bj*^ Dr D R Bhatta- 
charya, because, of late, the oogenesis of Lumbncus has been 
the subject of discussion in the columns of Nature Pheietima 
being an allied type, it was thought that it might help in 
throwing some light on the points under discussion in 

177 

as 
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Lumbricus A.n attempt has been made m thi$ paper tA sbo'w 
that in Phci;^tima posthuma, the Oogenesis is simple and 
deal and that the lesnlts obtained aie mostly m agreement 
with those obtained by G-atenby and Vishva Nath in Lumb- 
ncus (16) and theiefoie difFei maikedly fiom the observa- 
tions of Harvey (18) on the latter animal The piesent-day 
cytological technique is not so ciude as Harvey would let 
us believe Apart fiom classical methods there is a rapidly 
growing, fairly efficient, Iktea Vixaw technique which has 
enabled Parat (38) to levolutionise our ideas about Mito- 
chondria and Golgi bodies If both the classical methods 
and Intba Vitaw examinations are earned out hand in 
hand by an experienced workei or by one under proper 
guidance, the Cytological details in the Oogenesis of many 
animals can be worked out with a ceitain degree of cer- 
tainty 

I have pleasure in expiessing my grateful thanks to 
Di D R Bhattacharta for suggesting this work to me 
and for valuable oiiticisms and advice during the progress 
of the work 


2 TECHNIQUE 

As already mentioned, the material used in this work 
was obtained fiom mature worms soon after they were 
captured in the fields They weie dissected alive and 
the following fixatives were used — 1 Da Fano 2 
Cajal ‘6. Kopsch 4 Ludford — Nassanow — Kolatchey 
5, Flemming without acetic acid 6 Regaud 7 Bonin 
8; Carnoy The stains used include — 1 Heidenhain’s 
Iron-alum Haematoxylin 2 Gatenby’s modification of 
Acids Fuchsin, Toluidin blue and Aurantia 3 Ehrlich’s 
Haematoxyjin and Orange G 4. Mann’s Methyl blue 
Eosin 5 Benda’s Safranm andi Light Green 

The Golgi bodies — The Kopsch (21) method gave 
the beak results The entiie ovaries were fixed in. 2% 



CTTOPLASMtC iiTGLUSIO'NS IN PHERBTIMA POSTMUMA 17'9 


Osmic acid and kept in the daik for varying periods of time 
from 15 to 28 days As a lule thiee weeks prowd ideal 
Cuiiously enough very satisfactory lesults Avere not obtained 
when the ovaiies were fiist fixed in Osmo-sublimate and then 
in 2 ^ Osmic acid The Grolgi elements in Pheretima 
eggs aie distinctly less osmiophile and sublimate seems in 
settle way to inhibit ptopei impiegnation The next best 
fixation was obtaitied by Da Fano’s Cobalt Nitrate metliud 
(9) I find if the quantity of Formalin is increased to iMore 
than 12 c c per 100 c c of ivatei theie is h general 
shrinkage of protoplasm, and the eggs become highly buttle 
Cajal also gave satisfactoiy results I hate not had, 
httWevei, much luck ivith Mann-Kopscb and other Grolgi 
fixatives I may mention heie that I got unexpectedly good 
lesults by Grtttenby’s latest method of examining entire 
ovaried in Physiological salt solution to which a sHiall 
quantity of OsrUic Acid has been added (16) In less than 
quartei of an liour the Golgi spherules become beautifully 
impregnated and can be examined and tlieir progress 
Watched under the inicroscope Parat’s Neiitial Red (38) 
method of Intba Yitam and Post Vitam examination also 
proved vOPy successful 

T/ie Mitoohond) w — Undoubtedly the best fixative 
for this purpose pioved to be Flemming without Acetic 
acid Champy-Kull was the next best paiticularly if the 
material is kept in 3 ^ Potassium biclii ornate for four days 
orilioie RegaUd’b method pioved to be a failure 

and NvcUolai Ext) tmons — Bomn’s fiSatiVe 
as Avell as that of Cainoy Avas used foi detecting this type 
of cell inclusions Sections of specimens fixed in these fluids 
AVOie stained bj Ehrlich’s Haeniatoxylin and Marin s Methjl 
Blue Eosin 

Toll ciM Fat —Slides of mateiial fixed by Osmic fixatives 
weie tieated fol Aarying lengths of timfe m Turpentine 
These AVete also stained by vaiious combinations Of Stains 
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and the conclusions on the above were arrived at by a pro- 
cess of elimination 

3 THE aOLGI BODIES 

In the young oogonia the Golgi appaiatus in Pheietiraa 
appeals to be single and luvtanuclear (Fig 1) The nucleus 
IS laige and evcentiic. In the eailier oocytes the Golgi 
elements are found to have inci eased in number (Fig 2) and 
appeal as a mass of very fine black dust ovei one side of 
the nucleus (Fig 4) Unlike the i esults of Harvey on Lum- 
biicus (18-19) who found the Golgi elements scattered m 
the cytoplasm from the veiy earliest stages and not con- 
densed in the usual juvtanucleai position, my preparations 
(Kopsch) of Plieietima go cleaily to show that the earliest 
Golgi elements have a tendency to remain focussed adjacent 
to nucleus (Fig 2), m a particular densei area In the later 
stages (Figs 3 and 4) they begin to undergo scattering in 
the general cytoplasm The Golgi elements in the older 
oocytes are situated in a haphazard manner m the general 
cytoplasm (Figs 5 and 6), and aie remarkably numerous in 
number It is a noteworthy fact that they do not ariange 
themselves in the form of a ring eithei in a perinuclear 
position or as a cortical layer in the egg as is generally 
found to be the case m vertebrate eggs It has also been 
noticed that sometimes one side of the egg is more heavily 
loaded with Golgi bodies than the other (Fig 7) I am unable 
to account for this phenomenon except by the supposition that 
this particular side probably contained the original denser 
aiea which still functions in some Avay or other as the re- 
gion of the focus of growth 

As regards the morphological nature of the Golgi ele- 
ments, they appear as spherical bodies (Fig 12) in Da Fano 
(9) preparations with a highly impregnated edge or rim 
Structures which give an idea of dictyosomes are also 
present but it seems to me likely that they represent the 
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cut portions of the rim of a Grolgi spherule In Kopsch 
preparations the Grolgi spherules appear as dark giey 
minute dots (Fig 8) The Grolgi bodies appear to be distinctly 
less osraiophile than is geneially the case This fact is 
corroborated by the obseivations of Gratenby and Vishva 
Nath (16) in Lumbricus where also a similai condition exists 

It may not be out of place here to give the results of 
a Post-Yitam examination of the ovaiies According to 
Gratenby’s suggestion (16) I examined entiie ovaries and 
placed them in a physiological salt solution to which some 
drops of 2%^ Osmic acid were added Within five minutes 
of the lemoval of the ovary from the body of the animal, 
the Golgi bodies appealed to be impregnated and under the 
high power of the Micioscope looked like small spheiical 
bodies (Pig 9) with a deeply impregnated greyish black and 
thick rim and a clear transparent coie giving it very much 
the appearance of a Vacuome as suggested by Parat (37) 

Entire ovaries were also examined by Parat’s method 
m Neutral Red (38) A laige number of spherical bodies 
were found in a faiily well-groivn egg which took up the 
red colour within five minutes These bodies appear to 
resemble the Vacuome described by Parat (38), by the same 
method It seems probable that a large number of the spheri- 
cal bodies with a black rim as demonstiated by Gatenby’s 
method (16) are homologous with the spherical bodies or 
Vacuome so clearly brought into view by Parat’s Vital 
Coloration Method” (38) The noteworthy fact is that both 
by the wet methods and by the classical fixative methods 
the Golgi bodies appear spherical at least in the later stages 
of development 

The examination of a large number of entire ovaries by 
the wet method as suggested by Gatenby (16) revealed in 
some cases the presence of large yellowish-looking droplets 
in the stroma of the ovary The dioplets were also found in 
some cases on the suiface of the ovary Osraic acid 
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apparcnth docs not blacken them and m spite of prolonged 
treatment in Turpentine thej keep then yellowish coloul 
1 am unable to explain the exact significance of these Iiodies, 
but I ^\ondel if these aie the bodies which ha\e been mis- 
taken bj Harvej (18) for fat or yolk 

1 THE MITOCHONDRIA 
In the youngest oogonia which are extremely small 
cells, the nucleus piactically occupies the nhole area (Fig 
18 cyt ) There is only a thin small skin of cytoplasm sur- 
lounding the nucleus In this earliest condition it has been 
found difficult to discovei any granulations in the cytoplasm 
In a slightly latei stage, the nucleus begins to occupy the 
excentnc positions and then gianulations become more dis- 
tinct (Fig 14) The granular Mitochondiia make their ap- 
peaiance in the foiin of a very small cap (Fig 14) fitting 
closely to one side of the nucleus The presence of the 
Mitochondiial cap can be demonstiated both by Flemming 
without Acetic acid and Ohampy-Kull methods Later on 
the Mitochondi lal cap begins to move around the nucleus 
though still peisisting as a compact body on one side of 
the egg and finally acquires a perinucleai position (Pigs 
15 — 18) The scattering of the Mitochondria in later stages 
in the oocytes is haphaaaid (Fig 21) The juxtanucleai and 
peiinucleai positions aie lost and in a faiily developed egg 
Mitochondiia is distiibuted throughout the cytoplasm (Fig 22) 
The pel inn deal and the peripheral rones of Mitochondiia, 
as met ivith in many of the vertebrate eggs, are not notice- 
able here A definite area exactly corresponding to the 
Tolk-nucleus of Balbiam is not met with unless the 
juxtanncleai concenti ation of G-olgi bodies and Mitochondria 
IS eonsideied to be an equivalent stage 

The filamenter Mitochondiia which Haivey (18) found 
and still believes to exist in Lnmbiicus (19) and which 
G-atenbj refuted in a paper lately published (16) aie 
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conspicuous by tlioir absence in the case of Pheretima Mito- 
chondiia invariably happen to be of a gianulai type (Pig 23) 
Eien after prolonged tieatnicnt ivith Potassium bichromate 
as suggested by Builliaid (4) and Champ> foi the demonstia- 
tion of filamenter Mitochondiia, no tiace of the lattei could 
be found It is quite possible that bad fixation of a bad 
material might haie given Harvey the pictuie of Pilamentei 
Mitochondria Any way, the Mitochondiia in Pheietima 
appear to be gianulai 

5' THE NUCLEOLUS AND THE NUCLEOLAR 
EXTRUSIONS 

From the eailiest stages ohseivable the original nucleolus 
seems to have disappeaied and a laige numbei of nucleoli 
airanged nioie or less in a peripheial inannei inside the 
nucleus aio visible (Fig 14) The ariangement of the 
Nucleoli close beneath the nucleai membrane led me at first 
to suspect that Nucleolar Extrusions would be commonly 
found to occui in this animal Various staining methods, 
however, proved that my suspicion was gioundless How- 
ever, to make sure I examined material fixed in Bouin and 
Cainoy I stained sections with Mann’s Methyl-blue Eosin, 
Ehrlich’s Haematoxylin and also Iron-Alum Haeniatoxyhn 
Although these methods liaAm cleaily demonstiated the 
phenomena of Nucleolar Extrusions in several aminals as 
for example Saccociirus by Gatenbj (12), Lithobius by King 
and Nath (22—32), Testudo by Bhattachaiya (1), etc, 
1 have been unable to find any Ausible trace of Nucleolar 
Extrusions of any kind in Pheretima (Fig 13) It is possible 
that exchange of nucleolar mateiial between cytoplasm an 
the nucleus takes place in some soluble form which oui 
present methods of technique are unalile to demonstiate 

6 TOLK 

Neithei Intba Vitam examination nor the us 
fixative methods ha^m revealed the presence o o on 
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m Pheietinia postliuma in the eggs of the ovaries so far 
exaniinetl by me I tried the usual Osmic acid method 
and ticated slides ^\lth turpentine foi vai ying lengths of 
time 1 have tried various combinations of stains and other 
methods for the detection of the above-mentioned bodies 
Mj expeiience leads me to think that theie is no tiue Yolk 
or Neutial fat piesent in the eggs of Pheretima, at least in 
the stages so far examined by me 

7 DISCUSSION 

The Golgi body — There is an undoubted concentra- 
tion of Golgi bodies in the juxtanuclear position in the 
earliest eggs of Pheretima posthuma (Pig 1) This concen- 
tiated area appeals to function as a focus of growth and 
distribution (Fig 2) It will be noticed that the general 
occurrence of Golgi bodies in the cytoplasm is not uniform 
and that the scatteiing of Golgi bodies always seems to 
take place from the oiiginal juxtanuclear Golgi aiea This 
seems to be one evidence against the theory of their 
“ de novo ” oiigin At the same time it is true that definite 
instances of Golgi division aie haid to find Whether the 
oiigmal Golgi network occuriing in the earliest eggs inside 
a moie or less dense aiea of cjtoplasm is the result of an 
aitifact foimed by the action of the fixatives or is a true 
picture of a cellular phenomenon is yet little undeistood by 
us, and must still be admitted as a debatable point Parat 
(37) IS of opinion that the Golgi network or complex is the 
result of the action of fixatives He says, that the Golgi 
bodies 01 Vacuome as he calls them, are spheiical bodies 
with a definite shape I must admit also that in my 
preparations either by the classical fixatives or by the vital 
methods, I have invariably found the Glogi bodies to be 
spherical in shape excepting in the very earliest stages wheie 
they appeal to be m the form of a close network adjacent 
to the nucleus 
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The Mitochond) la — Mitocliondiia in Plieretmia can 
be seen distinctly in the later oogonial stages Pilamen- 
ter Mitochondiia do not seem to bo present in this animal 
(Fig 23) Gratenby and Nath (16), however, definitely deny 
the presence of filamenter mitochondria in Lumbiicus, 
and I am inclined to agree with them judging from my 
experience of Pheretima 

Nucleolai ExUusmis and Yolk — Theie seems to 
be little doubt that in Pheretima nucleolar extiusions do 
not occur It is well known that in many cases where 
they occur they are either directly converted into Yolk oi 
lost in the general cytoplasm and probably in some 
unknown way contribute their share in the formation of 
the ordinary pioteid Yolk from the giound cytoplasm In 
this case, howevei, theie being no nucleolai extiusions, 
the question of the formation of nucleolai yolk does not 
arise The Grolgi bodies have been found in certain cases 
to acquire a swollen condition These are naturally 
blackened by the Osmic methods» and may sometimes be 
mistaken for fatty Yolk or Neutral fat Prolonged treatment 
in turpentine proves that they aie simple Golgi bodies which 
have become a little inflated I, however, labour under a 
difficulty that 1 have not been able to examine eggs at the 
zenith of the breeding season and theiefore I feel reluctant 
in declaring definitely that the phenomenon of Yolk formation 
does not exist in the animal Puitlier work during tlie 
breeding season seems to be necessary on this point The 
probability is, judging from my experience of the examination 
of various grades of eggs, that it will not differ very 
markedly from the condition found in Lumbiicus by aten y 
and Nath So far as Mitochondiia are concerned, there is 
absolutely no doubt that they arc gianular and not fi amenter 
and they keep their identity as such and do not show any 
sign of metamorphosis into Yolk In Pheretima we can 
safely ignore the possibility of the formation of Yo or 
84 
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neutial fat fioin the ground cytoplasm as such formations 
aie very easy to detect by the oidinary classical methods 
On the whole it is my conviction that if "Yolk is found at all 
to exist in this animal it ^Yl!l be fatty Yolk developed from 
swollen Golgi bodies It is also possible that these swollen 
Golgi bodies which show a distinct osmiophility are dege- 
nerating Golgi elements as pointed out by Foot and 
Strobell (11). 


8 SUMMARY 

Eevie-vnng the whole work on Pheretima the following points 
may he summarised — 

1 A juxtanuolear area both in oonneotion with Golgi 
bodies and Mitoobondna exists 

2 The Mitochondria are clearly defined m the early 
oocytes and probably also m the oogoma 

3 The Mitoohondrial cap spreads out first mto a peri- 
nuclear pcsition and then migrates away from the nuclear mem- 
brane and IS more or less evenly distributed m the general cyto- 
plasm 

4 The Golgi apparatus in the young oogoma is smgle 
and juxtanuolear It breaks up and spreads out m the cyto- 
plasm in the later stages in a haphazard manner There is a 
defimte concentration of these elements inside and around a 
central mass in the early stages, corresponding to the mitochon- 
drial concentration 

6 There is no evidence of the Golgi bodies or Mitochon- 
dria arismg “ de novo ’ 

6 Neither Intba Vitam nor the usual fixative methods 
show the presence of either neutral fat or yolb 

7 The Golgi elements are less osmiophile than m those 
of many other animals. 

8 The Golgi bodies in developed eggs are always spheri- 
cal in shape 

9 The Mitochondria are not filamentar but granular 

10 There are no Msible nucleolar extrusions mto the 
cytoplasm 
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10 LETTERINa AND EXPLANATION OP PLATES 


Lettering 


m — mitochondria 
mm — mitochondrial mass (the 
yolk nucleus of Calkins) 
ml — mitochondrial layer 
n — nucleus 
nil — nucleoli 
ns— nucleolus 


nw — nucleus 'wall 

n s gr — nucleolar granules 

ot — ovarian tag 

cyt — oocyte 

g— golgi 

03 T)t — cytoplasm 

oyt — oogonium 


Explanation oe Plate 
Plate I 

Pig 1 — A young oogonium ■with a single juxtanuolear Golgi ap- 
paratus 

Figs 2-3— Increase of Golgi elements to form a concentrated mass 
(Kopsch) 

Pig 4 — Oocytes showing Golgi elements m various stages 
(Kopsch) 

Pigs 5-6— Oocytes where the Golgi elements have begun o 
spread out to the periphery 
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' 7 — Fairly mature oooytes m whioh Golgi elements have a 

tendency to become loaded more on one side 
of the nucleus than on the other This depicts 
the original focus of gro-wth of Golgi elements 
(Kopsch) 

Fig 8 — ^Mature oocyte m which the Golgi elements he scattered 
in the cytoplasm 

, Plato 11 

li'ig 9 — Fresh matuie oocyte m Osmio acid, showing Golgi 
Spherules with blaok nm and transparent core 

Pig 10 — Fresh mature oooyte in Neutral Red showing Golgi 
bodies 

P’lgs 11-12— Two mature oooytes m which the Golgi bodies are 
distributed throughout the cytoplasm (Da Fano) 

Fig 13 — Two mature oooytes showing no nucleolar extrusions 
(Bourn) 


Plate 111 

Fig 14— Oogonium with a cap of Mitochondrial mass (Ohampy- 
Kull) 

Fig 15 —Early oooytes with a cap of Mitochondrial mass over the 
nucleus (Champy-Eull) 

Fig 16 — The bmuolear oooyte with a Mitoohondrial mass (P W A) 

Pig 17 — Oocyte with a Mitochondrial cap slightly spread out 
(PW A) 

Fig 18 — Oooyte with an ovarian tag contammg several small 
oogoma In this stage the Mitochondria have 
spread out (P W A ) 

Pig 18a— shows a stage slightly older (P W A ) 

Pig 19 — Oooyte showing a peripheral Mitoohondrial layer (Champy- 
Kull) 

Pigs 20 — 23 — Oocytes m which the Mitochondria are numerous 
and are distributed throughout the cytoplasm, 
with a tendency to form a peripheral layer 
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FUNGUS FLORA OF ALLAHABAD 
Uromyces Andropogonis-annulati Syd et ButI nov. 
spec, on a new host, Andropogon pertusus Willd. 

Bl' 

kanhaiya LAL SAKSBYA, MSo, 

■Besea? ch Scholai , Depai imoit of Botany, University of 
AUaliahad 


INTRODUCTION 


A. collection of the fungi of Allahabad was commenced 
on the 15tli of August, 1926 Since that time both parasitic 
^■nd sapiophyhc fungi have been collected E'^cursions 
were made legularly and eveiy possible type of locality 
■^as inspected Field crops weie kept undei constant 
obseivation and parks and even private gardens were 
visited In all one hundred and seventy five (175) specimens 
were obtained up to the 15th of Apiil, 1927 Of these, 50 
were fully named, being run down to the genus and species, 
^hile in the case of another 50 only the genus was dis- 


covered 

Some of the parasites collected are serious fungoid 
pests and cause considerable damage to the crops concerne 
Amongst these may be mentioned Puccinia giammis 
wheat, Sclerospoia graminicola on Bajia (Ponnisetum typ 
doum. Rich), Ustilago Hoidei (Pers) Kell and 
arley (Jau), Melampsora Lini on Lmuni usi n 
Isi), Tolyposporium Penicillariae on Bajra /y^jadstools, 
During the rains many Basidiomyc®^®® fjiese, such 
mushrooms, etc ), weie available Some 
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as the umbrella fungi (Agaricinac) and Scleioderma vulgaie 
grew on the soil while otheis such as Auncularia sambicme, 
Hydnum, Steuum, Faiolus, Schizophj Hum commune and 
Fomca lucidus were found growing on dead wood or at 
the base of iiYing trees 

This paper does not include an account of the local 
moulds and aquatic fungi n hicli it was not possible to study 
in the time at niy disposal 

Hand sections sufficed in most cases for a study of 
the fungi but in a few cases microtoine sections were also 
prepaied Cameia lucida drawings as well as free-hand 
diawings have been made, chiefly in the case of new species 
hitherto not dcsciibed and also whei e something of special 
inteiest piesented itself 

The work i\as earned out under the superyisiou and 
guidance of Di Julian H Mittei, 51 A , PhI) (London), 
F L S , Head of the Depaitraent, to whom I am gieatly indebted 
for all Ins help and instruction My best thanks are also 
due to Hi 'William hlcHae, 51 A , H So , F L S , Imperial 
51ycoIogist, Pusa, for allowing me to woik m Ins laboia- 
tory at Pusa and allowing me fiee access to his heibarmm 
and library I would also acknowledge my gratitude to 
Hr McRae’s assistants — Mi S N Mitra and Babu R R 
Sen I also received help from Dr. W Hqdgeon, Ph D , 
and am thankful for the same 

XJnoiinoES AnDnopoGonis-ANNunATi Syd et Butl noy 

SEED ON A NEW HOST, AnDEOPOGON PEBTDSES WlLLD 

(With Plates I, II, and HI ) 

On ISovembor 29th, 1926, plants of Anduipogon po" 
tmus Wtlld growing m the Botanical Haiden of the Allaha- 
bad University weie observed to he attacked by a fungus. 
Some of the plants were brought mto the laboratory for 
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exammation while the lest weie left foi the further giowth 
and development of the fungus Fioin this time on, till the 
10th of Febiuaiy, 1927, the fungus was kept undei constant 
exammation, fiesh infected plants being examined on each 
occasion The fungus infects both sui faces of the leaf 
The shoot and the leaf-sheaths aie unaffected Purple- 


biown son aie present on upper and lower leaf surfaces, 
and contain two kinds of spoies mixed together There 
"Was no difficulty in iccognwing the minutely spinous, 
pedicelled, one-cellod, thin-walled Uredospoies, but an 
attempt was made to find out of v hat type the other spores 
could be These spores were also pedicelled but were 
smooth, one-celled and thiek'walled Some of these spores 
vere put in water and some in sugar solution, and 
moist chamber experiments A\ere tiied to induce them to 
germinate hut without effect They are teleutospores and 

will Dot germinate vuthout a pel lod of lest Some infected 
bits of leaves were dehydrated and embedded in paraffin 
Transverse sections weie cut 5 /t thick and a careful study 
of the fungus was made The description of the fungus is 
as follows — 

Teleuto-sori — Amplugenis, solitary oi aggregated, 
oblong or in a line, puiple-biown , mixed with the 
TJiedospoies 

Uredospoies — Tlun-walled, minutely spiny, glo- 
bose, sub-globose or ovate, yellowish-brov n m 
colour, 18—25 3/^xl5 18—24 /*, Pedicel hyaline 

Teleutospores —Thick-walled, one-celled, mostly glo- 
bose, sub-globose or angular m shape, dark brown 
in colour, apex rounded, 25 3—34 04 /*x 18 86 


26 22 /X, Pedicel hyaline 

The above description agrees with that of ^omyces 
Andiovogoms-anmaaU Syd et Butl nov sjiec which has 
been described by Sydow and Butler (1907) on And.ojyogon 

annulatus The present fungus has recently been compared 
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Y ith that OB Anih opogon anmilatus at the Pusa Herhaiiuin 
and Avas found to have the same stiuctme but foi minute 
diffeiences in the size of tlio spoies and the position of 
teleuto-soii which are ainphygenis m the present case while 
hypophyliB (on lower surface) in the case of the fungus de- 
scribed by SydoAY and Butlei 


SpOBE SIEASUEEittENTS COMPARED 



Uredosporcs 

Teleutospores 

Uromyces Andropogonvs- 
atmulnti S 30 I et Bull 
no\ spec on Andropo- 
gon annulatus, Pusa 
Herbal lum 

1 18 — ^25 X 15 — 24fJL 

25—35 X 18—28 

Uromvoes sp on Andro- 
pogon peitusus Willd — 
Allahabad 

18-25 3x15 18- 
24p 

1 

25 3-34 04 X 

18 86—26 22 P 


The slight diffeiences in the size of Uredo and Teleuto- 
spores as shown m the table may be due to — 


(а) change of host 

(б) change of envuonment 

and therefoie in my opinion negligible Moreover, 
Aiid') opogon anmilaiith and. Audi opogon pei timts WtUd are 
such closely allied plants growing close together in the 
same localities that it is most likely that Audi opogon po) tnsus 
Wtlld may also be subject to infection by TJiomgces Andto- 

pogonis onnuluti Syd ot Bull iwv spec Thus I conclude 
that Uromyces And) opogoyns annulah Syd et ButI nov spec 
also infects And) opogon poUmis Wtlld on ivhich it has 
not been previously recorded 
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Andiopogon pertusus "Willd gro'vrs profusely m Allaha- 
bad. As to its fodder value Watt says, “ It is an excellent 
grass for grazing and stacking ” Dutiue says it is found 
m light soils and puts it among the fiist class fodder 
grasses Rangachaii leinaiks, “ This is an excellent fon- 
der grass and it gro'w s quickly and stands cutt’ng very 
^vell Cattle eat this glass very Viell ” [Burns, W , 
Kulkarni, L B , etc , 1925 ] The fungus causes consideiable 
damage to this grass 


Table giving name of Fungus, its host and locality, etc 
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BrysiphePoIygoniD G Pisum sativum Bot Gar, Alld 2 8fch February, 

Uni 1926 


Erysiphe sp Lagenana vulga- Fields near Band- lOfch March, 1926 

ns road 
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Solanuni melong- B o t Gar , Alld 28fch C 
ena Uni 1926 


Fungus flora of allahabad 
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Phaseolus radiat- Fields near Bailey l6Lh November, 

us -I noa ' 


Name of Fungus 
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DESCRIPTION OP PLATES-I, II, AND III 

Figures 1 and 2 are fi ee-hand drawings, the other figures were 
all drawn with the camera luoida 

Lexterikg 

Epi, epidermis , G , germ-pore , L S , low er surface of the leaf , 
MTS, matin e teleutospore , N , nucleus, P , pedicel, S , 
Sorus , TS leleutospoie, U S , uredospore , Up , upper 
surface of the leaf , W , wall of the teleutospore 

Plate I 

I Entire plant of Andropogon pertusus Willd , showing 
roots, stem, leaves and spikes ^ natural size. 

Fig 2— Entire loaf showing the son on its surface Natural 
Size 


Plate II 

^■'BredosporesandTeleutospores from the same sorus 
X 310 ,, ' 



PL II 
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Fig 4 — Transverse section of a leaf showing son on both 
the surfaces and the ruptured epidermis X 310 

Plate III 

Pig 6 — Transverse section of a leaf showing a sorus on the 
upper surface The teleutospores are in various stages 
of development X 620 

Aebreviatiohs 

Bot Gar Alld Uni — Botanical Garden, Allahabad University 



SECTION m 

PHYSICS 



ACOUSTICS OF THE PIANOFORTE 


' BY 

R N GHOSH, D Sc 

In the acoustics of the pianofoite, there aie tliree 
important factois upon which attention has been given b}"- 
physicists, VIZ — (1) the mechanism of the hammei, (2) the 
production of the tone quality in the stiuck stung, and (3) 
the same in air Helmholtz (1) fiist pointed out that the 
impact of the hammei is elastic lasting foi a shoit time and 
imposing a pressure vaiiation F sin/tt upon the stung Kauf- 
mann (2) howevei showed that the duration of impact is 
comparable to the period of vibiation of the stiing, and that 
it depends upon the sti iking distance, and developed a sim- 
ple formula foi the calculation of the duration of impact m 
the case of an inelastic hammei when (1) the sti iking dis- 
tance was small, also (2) Avhen it was half the whole length 
of the stung Latei on Profs C V Raman (3) and B R 
Baneiji showed that the duration of impact increases as the 
striking point moves fuitliei away from one end passing 
through small fluctuations They developed a iigorous for- 
mula for the calculation of the duration of impact at any 
point of the sti mg in the case of an inelastic hammer 
Kaufmann’s formula was recently extended by Mr P Das (4) 
for the same purpose In 1924, the present authoi (5) show- 
ed that the elasticity of the actual hammer used in the 
pianoforte must be taken into consideration to calculate the 
duration of impact, and extended Kaufniann’s foimula to 
include the case of elastic hammei when the stiiking dis- 
tance was small The theoiy does not indicate the small 

217 
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fluctuations mentioned before, and it does not hold good 
when the stiilcing distance is laige Fiom the expeiimental 
results it seems howevei tliat the simple formula can be used 
to calculate the duiation of impact up to 1/6 without appie- 
ciable on 01 The foimula can be put in the form 


_T 

<k 


^ r~ jl 1-1 

- LM a xj 


appioximately 


( 1 ) 


wheie 111 = mass of the string of length I 
M = effective mass of hainmci 
OL = staking distance 

X = 1 + To/m a 

To = tension, ^ = elasticity, 

period of Mbration ^ 

diintion ot oontacfp •h 

It may be pointed out that the above formula has been 
deiived by the combination of the pimciples laid down hj 
Helmholtz and Kaufraann Expeiimental verification of 
the above foimula has been made with different values of 
m/M, a /z andX, and the lesults agice vith the theoietical 
value fairly 

Section 2 


Tub Tone Quality of the Struck String 

The tone quality of an isolated stiuck stimg depends 
upon (1) the stiikmg distance, (2) the hammer, (3) the ten- 
sion and (4) the impinging velocity of the hammer Ex- 
pel imental woik in this connection is meagre except the 
recent woik of Mi. W H George (6) and the pioneei work 
of Mr S K Dutta (7) and the authoi’s own experiments 
Experiments (8) by keeping the velocity of impact constant, 
and varying the othei quantities iiave shown (1) that the 
fundamental, and tlie octave liave maximum amplitude when 

T T 

■^ = 1 or 2 They are minimum when 5 or 1 5 

Other ratios beyond 2 weie not investigated This i elation 
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has been found true when the sti iking distance is kept con- 
stant and the duration of impact is \aried b}’' changing tlie 
hammers (Plij^sical Review, Decembei 1926, Vol 27 ) 

It may howevei be pointed out that Greoige’s e\peij- 
mental results that the positions of the fiist maximum and 
the fiist mimnium he on hj^peibolas when Sl/ni is giaphed 
against a jl as abscissa (p 498, Phil Mag , Vol 51, 1925), 
agiee with authoi's above conclusions Foi equation (1) 
shows that the pioduct of the two quantities is approximately 
constant The tension affects the magnitude of the maximum 
amplitude, foi instance, it has been found that the amplitude 
IS 1 educed when the tension is inci eased Fiom the formula 
discussed m section (3) it will be obsei ved tliat the amplitude 
IS pioportional to V /N wheie Vo is the velocity of impact 
of the hammei, and N the fiequency of the fundamental 
Hence it is inveisely piopoitional to the squaie root of tension 
If the tension is kept constant, the maximum amplitude of the 

T 

fundamental comes out the same when = 1 oi 2 foi a 
given stung 

Now the fiist condition foi a good musical quality is that 
the first foui paitials must be strong And this condition is 

fulfilled ^\hen -^ = 1 oi 2 Hence the question that now 

arises is the choice between the two latios The effect on 
the musical quality when the first latio is selected will be to 
increase the stiength of the highei paitials on account of 
lefiections reaching the hammer from the fuither end Thus 

the selection must be made such that ~ 2 On looking 

back into equation (1) it will be found that this factoi alone 
does not determine the absolute value of the mass of the 
hammer or the striking length It will appear from the 
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discussion 111 section (3) tliat the consideration of the absolute 

T 

iiiagnitiide of the fundamental at = 2 does not fix. the 

iii/M or afl But Iheie is the musical factoi Avhich detei mines 
the conveigence of tlie paitials, and this combined with the 
T 

'factor that = 2, deteimine m/M and a// (W H George 
and A E Beckett, Pioc Roy. Soc , Vol 114, p 134, 1927) 


Section 8 


Calculation or Vibration Form 


Tlic lust thing to do is to obtain tlie piessuie imposed 
upon the string by the hammei It has been shown (9) that 
it IS given by 


—n 


P-- 


Vo Toe 


- [Si n g / R cos(g/+^) 
la 0 


( 2 ) 


Graph of (2) is shown m Fig (1) 

At i = o when the impact begins, the pressme is 2VopC 
wheie p=mass of stung pei cm and C = velocity of 
tiansveise wave in the stung The piessure using fiom 
this initial value attains a maximum value 



i)' ” = 

and then becomes /eio at the end of the impact It will 
be found that p,„ is a function of a Coi responding 
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to the piessuie given by (2) the generalised component of 
foice IS 


To 6 sm 


Rj sm 05 ,= ^ oos^ , RjCos 0^= sm </> ^ 


hii n 


(4) 


put i5=2Vo To R,sm^-^ j jt 

and then the motion of the geneialised co-ordinate </> „ is 

—Kt% 


given ^YyS 
*'=^{ 


sm?i(/ — ^’) e 


smiqf ’ + ejdl ' 


~X -X 

e [smCn — w;r/g)]+sm a.i _ fe cosxa + e cos (t, — «n-/g) 
(g'+») 2 [ (g-tiV+Jc^l4} 


[(S~») Sin (xi — ;?r/g)] 0 -Fsin A.i L 

X\=ttl — 6i , ^^ = «/ + 0 !, ( 5 ) 

Fiom (,5) it IS evident that the sth component vanishes if 
the striking point coincides with any of the nodal points of 
the* same component 


When »li= m, «i=3, 5, 7, etc 


</.,= £1!L 

2>r 


m—2, 4, 6, etc , 4’» — 


/ 

-x\ 


k 

1 

/ 

’2 sm ?ti fitlu cos %5 1 
, (1 + ;;;) 2k(1 — ot)J 

y 

ZVl^ 

{ -X 
\l + e 

/ 12 sm 1 7c moos 

2;r 

(1— «z) 

1 (1+z;;) 2«(1 — 


( 6 ) 



>»= 1 , <\> = f SiHJi _ l«oos + ■ ' T -- ( 

2rt' 12 k ' Oft J 

,,,-4/P: ff,.- s,it‘(l-e f 2 sin <^osfxj -^) 1 ^g) 

Fiom the foi inula? (7) (8) and (9) it is found that the motion 



THE AtLA.HiVBAD UNIVEfiSlTY bTUDItJlS 


IS very feeble when the pei’iod of vibiation of the sth com- 
ponent IS 2/3, 2/5, etc , of the duiation of impact When 
howcvei the peiiod of Aubration is 2/1, 2/2, 2/4, etc, 
of the duiation of impact, the motion is finite According 
to Helrnholt/i’s theoiy, tlie motion entirely vanishes in the 
fiist case, but accoiding to the lau of ])ressuie given above, 
it is not entiicly csanescent, but it depends upon the damp- 
ing factor K Inch in tlie case of constant tension is smaller 
the gieatei is the mass of the hammer Hence in the higher 
octaves of the piano where the mass of the hammer is small, 
the motion undei the case contemplated above is percep- 
tible 

T 

Thus we find that in the cases when — = 1 oi 2, both the 

iundaniental and the octave aie stiong, wheieas thej aie 
T 

feeble when “ 5 or 15 approximately, in agreement 
with expel iiiioiital leaults 

Fiom formulffi (7) and (8) we can calculate the vibration 
of the fundamental in paiticulai cases of T/^ 


}it 


=x 


I j 


Let 

MiX 

T/^=l and s< 1 

Vo 1 ( 


c/j, == — 


l-fc 


-Xl 


N 3r s, 


I 4xi 

sm sm 71 1 ( 


'L 

-A 


■ — 2, — < 1, ^ 




M,X 


N 


sm 


( 10 ) 

Xa OOS 711 i (11) 


Xs>l( <f>l = — — sm — 

TTXV TT 

N=C/2Z 




sm 77 li 


( 12 ) 


T 


Foi a given value of x when ^ is varied by changing the 


striking distance a , the amplitudes at = 1 and ^ 


T 
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are found from (10) and (11) whens<l The latio is 

J_ (l+e )sm(4si/i-) x j 

S- X, f -xJ2\ „ , “ ^ 

(l-e jsinxj- 

Foi a given value of x<l tins is found to be unity This 
IS in agreement with the lesults obtained experimentally, 
pages 877 and 885 (Phil Mag , Vol, 50, 1926) Poi 
instance, let us put x=l, then the latio is found very nearly 
equal to unity, and this is found to be the case accoid- 
ing to the last table on p 885 Siniilaily the results of 
Table I are also found to be true to the tlieoiy. 

Amplitude N/Vo 
Table I 

,„IM W A.Oal 


2 126 


1 140 


2 130 


8 1 180 20 0 

T 

Let A, denote the maximum amplitude when — = 1 and 
T 

A„ when ^ = 2 

From (1) we find A, is a complicated function of x 
When A IS plotted against diffeient values of x, the value 
of A I IS found to be continuously diminishing, and the 
cuive does not shoNv maxima Similaih vhen A„ is plotted 
against x. [x=<l] no maxima is obtained In the case 
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Avlien x>l a maxima is obtained for Aj in tlic neighbour- 


hood of X =4, giving -j = 


1 

24 


This value of the striking 


distance IS of little impoitance, for the eneigj^ transfei fiom 
the hammci system to the string is gieatlv diminished, and 
leflections fiom the budge increase the strength of high 
uppei partials The smaller the imlue of x the larger is 
the absolute magnitude of the maximum amplitude at 
T 

~=1 or 2 

9 


Table II ~ = 2 

9 


X- 

a[l 

A cal 

5 

1/18 

141 

10 

1/9 

123 

1 2 

1/8 

120 

13 

1/7 9 

118 

1 5 

1/6 

106 


Thus we find that the consideration of the biggest magnitude 
of the maximum amplitude at — - = 2 does not give a deter- 

9 

rainate value of x and therefore afl also 
Elastic Hammer 

The function of the elasticity of the hammer in pianofoite 
IS not well undei stood It is geneially mentioned that the 
convergency of the paitiais is greatly mci eased by increasing 
the elasticity of the hammer felt have already shown 

that the duiation of impact depends upon x = ?>?/^lX 
and therefoie the object will be achieved when X = l> and 
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.1 hard liaimnei ili of gieater mass be substituted in place 
of the elastic liammei Thus it is clear that the use of 
elastic hanimei is not due to the increasing conveigency 
of the partials alone It m ill however be presently shown that 
the energy transfer fioni the hammer to the stung is 
gieater foi any given value of v, the softei the hammer 
The loss of eneigy of the hammer after the 
impact IS over is given by 


E, = \MV 


2 

O 


(■ 



(13) 


The total eneigj of vibration of sth paitial is given by 




TT ill S 


’a; 


(14) 


Hence the fraction of energy that goes into the sth 
partial is equal to 




I s s 

1 5 


m 


VS(l-e “^) ^ 


(15) 


A, can be calculated from (7), (8) and (9) Taking A, 
to be a function of v we can write (15) 

/= Const f(x) S"-X 

Thus for any given value of X the maximum fraction 

of energy transfei red to any partial will be greater, the 
softei IS the hammer This gives the real explana ion 

of the use of elastic hammei , 

In the case of the Fundamental Table HI shows 
fraction of eneigy transmitted to it by the lamm 
diffeient values foi X 

29 _ 
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fjaction'dl Enorg\ of the Fundamental 
Table III 2 


\ 


/ 


3 

026 

5 

024 

7 

025 

8 

025 

9 

02J 

1 0 

024 

1 5 

021 

2 0 

026 



In the case of the octave 7 " =2 

9 

riB V 


B 




sm 


2x„ 


N 6r 


(17) 





const 
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x 

— 

1 + r 

J 

Sin 2 x/- 

B=- Vo/N 

1 

1 

/ 


S 

1 86 

2 

J 

j 089 

021 


0 

1 78 

295 

j 059 

017 


7 

1 71 

44 

060 

020 


8 

1 67 

49 1 

1 

056 

020 


1 0 

1 60 

61 

94 

018 


1 2 

1 55 

72 

051 

018 


9 

164 j 

56 

057 

0195 


From these fahlos we find that the onerg}' of the - 
fundamental and octave is laige at a; = 8 This gives 


/ "^12 ‘'''®ry far fiom the actual choice m the 

staking point Piobably at i the musical quality is 
consideiably improved without entirely gieat diminution 
of the eneigy that is tiansmitted to the string by the hammer 

Coupled Oscillation op Bbidge and String 

The theory that has been presented m the preceding 
section holds in the case of an ideal string fixed at both 
ends In the actual case, howevei> one end is fixed and 
the other end passes ovei a flat budge fixed to the sound 
board The same budge extends ovei the sound board 
and other strings also pass over the budge ‘ The vibration 
of the string is communicated to the sound boaid through 
the bridge, but in doing so leaclions of other strings on the 
bridge aie biought in, and hence the oscillation of the 
lattei IS greatly damped 

The vibration of the string will also be damped on 
account of the dram of energy (10) from it to produce 
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vibiatioiis of the sound boaid Tiiegieatci the vibiation of 
the sound, the greater aviII bo the drain, and heavy ‘svill be 
the damping of the string Let us assume that the vibration 
of the stung is given bv 

i/=F I c ^ - c j. (18) 

where a.=0 fixed end, and %=l is the end connected 
to the budge, and 2 ^ is the damping coefficient Let us 
fuithoi assume that tlie \ibiation3 of the sound board do 
not depart to a large extent from the normal modes on ac- 
count of damping, and that they are given by 

where /(O is the force exeited at the end aj=/, and '“'r is 
the normal co-oidinate 

Now / (/) = — ^ ^ ^ r, when \ = I 

= -ST^jF } ■[oosiJZ-Fr2t8mpz} (20) 

From (19) and (20) wo got 

- 2 F r c cos pi F p cos sm «/"1 (^D 

~ ~ D/ L J 

P|* [A;* Q 4*2;/ Q|- ^(2;; B;- — Ay p) ^ 

Ay = { ( vi' — ?;*) 2^*^ r + 

Br = (A-+<7 c) , D/= A^'+4«“B, ' 

^=2l,pc=u 

• Gf. 

7 — resolution factor of the force 

The yielding the bridge must be equal to the transverse 
displacement of the string at the end % = l Hence 


ACOUSTICS or THE PIANOFORTE 


229 


Equating the coefficients of cos and sm ni we get 
the follownng lelations 


r//= -T„ 


P. + »-’P. + ."1 

(23) 

L 

D,'- D,’ ^ J 

tan /./=To 


Qi ^ » 5* Qi ”1 

(24) 

L ai 

D,' a, J 

The motion 

of the 

7 th co-ordinate is showmby (21) 

It 


IS found that the damping of the sound boaid and bridge 
IS the same as the string, as is expected to be the case 
Purthei the lesultant vibiation will he veiy large when 
D,. * is' small , this is found to be the case when ni~n Undei 
these ciicurastances, there will be heavy diam of eneigy 
from the stung, and the damping will be veiy great , 
That such is the case is found from (23), which becomes 
very large when any one of the denominators becomes 
small The fiee periods of vibration, when coupled to the 
bridge, are given by (24) Generally the effect of vibration 
of the sound boaid upon the fiee period of the string is 
small, except wdien any of the normal nodes coincides with 
that of the string 

Furthei it will be observed that the damping coefficient 
of the string affects the free peiiod even when the squarres 
of that quantity are neglected in comparison to larger 
quantities The first effect of the coupled oscillation oi 
the bridge is to diminish the frequency of fiee vib ratio 
of the stung The diminution is laiger the smaller the 
inertia of the bridge, vanishing in tlie case o n 
inertia of the bridge 

We find from equations (23) and (24) that tlm damping 
coefficient of the string will be different for i eren 
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quencies Hence some vibiations will die out moie lapidly 
than otheis But the most important lesult is the change in 
the quality of the note as the vibiations die away The 
different components have ditfeient rates of decay, hence the 
quality undergoes a giadual chinge as the vibration of the 
stiuck stung dies out The effect is most maikcd when any 
of the noiraal modes of the budge coincides with that of 
the string That this takes place has been observed by 
Pi of Millei in his book on “Science of Musical Notes’ 
(page 208) 


Section 5 


PllBD YiBHATIONS OB THE SODND BoAUD- 


Tho evact theory of vibrations of a clamped square 
plate 13 very complicated, but an approximate calculation 
can be made for the fiequency of oscillations by the method 
of piesciibed vibiations satisfying the conditions at the 
boundai y At the boundary of a clamped plate the displace- 
ment and tangent must be zero Let us assume that the 
displacement to is given Tiy la = (c ' —x~)- fc' — y" Y 
wheie the origin of co-ordinates is the centre of the plate 
The total kinetic eneigy is given by 


T = J" j ipi zh ^ dxdy 

2h the thickness of plate and p, , its density 

( 256 V ( dh V 

JTT J V j 

2 c = Bide of the plate 
In the same way the potential energy 


( 26 ) 
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If JO = A oos pi 1 then 

»/27r=i64Vi 

{sc) 

= E/pi ( 1 — /a’ ) 

If 2 C= loo, Vi = 3 85 X lo’ cm , 2 h— 5 cm 


27r 

Thus -we find that the fundamental vibiation of the 
sound board has a very low frequency, other modes of 
vibration can be calculated by the above method but the 
numerical calculation is very tedious The damping of the 
sound boaid due to ladiations of sound is veiy small com- 
pared to the damping on account of leactions of the strings 
upon the vibiations of the bridge Proceeding on the same 
lines as Pi of Lamb (lo), we can obtain a superioi limit 
of the loss of energy by radiations 

The integral of the normal velocity over the suiface of 
the plate is 


JJ 


dk 


^pdxdy (c*— 

=(f) (i)’'’” 

The effect at a distance is, therefore, that of a simple 

source of strength 2 (^) 


The mean rate at which energy is carried outwards by 


the hemispherical waves, 18 , therefore, 




where l = A. sin pf 
1’= density of air 
c, =velocity of sound in air 
The mean energy of the 


plate, being twice the mean 



1 e 
C 


kinetic energy is p' 
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Equating the lato ol decay of the eneigy to the emission ^\e 
find 


dA 

di 


= -6 A. a 


(2ry _P_ 

2h pt 


— X 039 
0 ^ 


For the plate of the particulai dimensions mentioned 
above, and for a frequency of vibrations 312 


6=2 5x10 

In tlie actual case, the damping duo to radiations will 
bo much smaller than the abo\e value, since there will be 
manv nodal lines, and different parts of the board will be 
moving in diffeient phases Hence the damping due to 
radiations will be less than the abo^ e value 


6<25x 10 

Damping due to radiations is, therefore, very much 
smaller than that due to reactions of the strings and friction 
which IS of the ordei 10’ 
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Pig (2) shows the wa\e at the striking point, and B'lg (3) 
e same at 4 oms from the striking point The wave shows that 
the string attains the velocity of the hammer at the beginning of 
impact starting suddenly from rest This is clearly shown m 
g (3) Pigs (2) and (3) were both obtained from felt hammers 
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( 8 ) 
(9) 
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F'g (1) shows that) the pressure is finite at t = 0 lor a felt hamtner FkJb 
K guation (2) 



Firs (2) and (3) sliowthe ware form dunnfr impact of n felt Immmer I'ir (2) 
feprisints the wait at tin striUiiiK point anti Pif, (3) the same at 4 cm from 
the striking point The inclination of the wiiit. form shows fiiiitt ulocity of 
the string at f = 0 




ON THE ARC SPECTRUM OF BISMUTH* 


Br 

G R TOSHNIWAL, M Sc , 

Reseat ch Scholar, Allahahad Omvetstty, 

Allahabad 

SUMMARY 

The are spectrum of Bismuth has been mvestigatert in the heavy 
arc, and undei-wafer spark, and the lines remeasured between 
X 1900 and \ 3550 A discussion of tlie structure of the spectrum of 
Bismuth from the standpoint of the theories of eomphoated spectra 
IS given It IS shown that m Bismuth, owing to its laige atomic 
number terms arising from the same level are separated by widel)"^ 
different levels, and this leudeis the interpretation of the spectrum 
rather difficult A large number of new lines has been obtained and 
a number of important lines has been carefully remeasured The 
new hues include some predicted by Thorsen 


The arc spectium of Bismuth is interesting fioni moie 
than one point of view Thirty yeais ago Kayser’ and 
Range tried to discovei legularities and found that the 
spectrum consisted of groups of lines having the separations 
11418, 4019, and 6223 The last group consisted in some 
cases of close doublets with the separation 1 91 Ruark, 
Mohler, Foote, and Chenault® investigated the excitation 
and the ionisation potential of the clement by the election 
bombaidment method They aiianged the lines in a number 

of fundamental levels (denoted by 3dj, 3d, , 3d, , etc) 


1 

2 


Published m Phil Mag , Vol lY, Oct 1927 
Kayser Handbuch der Spectroscopic 2, P 
Ruark, Mohler, Poote and Ohemult So Pap 
of Standards, 19, 463, 1923-24 


of the Bureau 
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and siib-lovels denoted bj Oieek letters a,e,y, etc 
Thejf added with some hesitation two levels Is and s, to 
those given bv KaAsei and Runge ^Yhlle this paper was 
being w'litten there appealed a paper bv Thorsen (Ziet f 
Phj Band 40), who tried to (lisco\er Rvdberg sequence in 
the spectrum of Bismuth 

On the expcnmental side Offeimann' gave an accurate 
measurement of wave lengths fiom A. G134 to '^2061 Ran- 
dall’ has explored the infia-ied legion from X 9600 to 
X 22000 by means of a giating, a thcimopile and a Paschen 
Gahanometer \Nkilters^ has measured the wavelengths in 
the arc spectrum within the legion X 5600 to X 9600 by 
means of photogiaphj Takamine and Nitta have measuied 
the spechum on the short wavelength side of x 1900, while 
Bloch* and McLennan* in the Schumann region down to 
X 1400 Zeeman effect has been studied by Pur\*is,“ but 
the data does not seem to be reliable 

The spectium of Bismuth has been studied in this 
Laboratoiy by Di N K Sur in the furnace and under-wmter 
spark The results were not published in the expectation 
of a more extensne im estigation I took up the work 
started bj Di Sui and e investigated the 20 amp arc 
spectrum 

The legion X 4800 to x 3500 w’as photogiaphed by 
means of a 5 ft Rowland Giating (dispersion 11 12 A° to a 
mm ), from X 3550 to 2170 vras investigated on Quartz 
spectrogiaph El (Adam Hilgei), kindly lent to us by Dr 
N E Dhar of the Chemistry Depaitment, and from X 2170 
to X 1900 on the above-mentioned giating and also on a 


Vol 7 


Offermann, Kayser and Konen Handbuch der Spectroscopie, 
,p 104 

Randall, Astro Jour , 34,1,1911 

Walters, So Pap Bureau of Stand , Vol 17, p 168 19^2 
L and B Bloch, G R , 170, 320 and 171, 709 (1090) 
McLennan and Young, P R S (Lond ), 98, 95. 1920 
Pur\ IS, Pros Oamb Plul Soo , 14, 216, 1907 
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quartz spectxograpb Coinpaiison spectia of lion was taken 
up to 2300, that of coppei aic fioiu k 2300 to A. 2170 and 
that of ailvei spaik down to a. 1900 

My measurements substantially agiee with those of 
Offermann , the diffeieuccs l)eb\cen the two gi eater than 
02^“ have been noted down Offerniann’s data is used be- 
tween 3500 — 4800, since my measuiements of the plates in 
this legion cannot be accurate in the second decimal place, 
because of the small dispersion in tlie fiist ordei of the 
giating The lines maiked by T in this legion are new 
lines and theie is a possible mistake of not more than *08A“ 
Between A 2170 and A 1900, my measurements differ 
considerably fiom those given by Edei and Yalenta, and 
recorded by the Buieau of Standaids investigatois already 
mentioned The order of mistake in tins region is not more 
than 08A ^ U 

Besides the lines already recoided, I have discovered a 
large number of new lines which have been denoted by T 
I have looked foi the irapuiities of Si, Pb, Ag, Tl, C, Bi, 
As, Sb, Sn, Zn, etc , and also for air lines with the aid of 
the tables given in the Vols 6 and 7 of Kayser's Handbuch 
der Spectioscopie 

Table (I) gives a list of the Bismuth arc lines with 


wave numbers and classification 

Table I 

Ltst of Szsmulh J7c Litiss 


^air I A 

f 

Int 

1 

1 

1 

^ i 

vac j 

\ 

1 

Olassifioafcion 

I 

1 

! Rlmaeks 

1902 16 

1909 60 

1 

2R 

52612 j 
52332 

1 

-S.-K, ^ 

Probable eiror of 

1 A 

Observed by Dr 
Sur m absorp- 
tion 
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^air I A 

In( 

*\ ac 

ClussiGcatioi 

1 

1 Remaeks 

1913 To 

3 

52230 3 



1930 42 

3K 

51785 0 


T 

190.5*89 

8R 

51163 2 

1 



1959 48 

8U 

1 51017 3 

^5 jj I •» 

' Blooh(1959 63) 

1973 08 

5 

' 60665 7 


1 Bloch 1973 lo 

1976 42 

") 

' 50580 1 


T 

1984 5 

2U 

, 50374 0 


T 

1989 96 

J 

50235 8 



2001 59 

2U 1 

49914 0 


T 

2011 39 

hi j 

49700 7 


T 

2021 21 

GR 

49459 3 


Edei 2020 1 m Vac 

2023 99 

on 

( 49391 3 


T 

2033 91 

5U 

49150 5 


T 

2041 96 

8 - 

48956 8 


T 

2049 69 

7R j 

48772 1 


Ed er 2049 59 in Vac 

20o3 52 

5u 1 

48681 2 


T 

2057 68 

5 1 

48682 8 


T 

2061 70 

lOR 1 

1 48488 1 

i 's,-g; 

0 2061 73 

2084 79 

5 ! 

! 48415 5 


T 

2069 70 

1 

i 48300 7 


T 

2097 63 

5U 

1 47657 6 


T 

2110 31 

lOR 

1 47371 3 

"S.-P, 

0 2110 26 

2133 69 

6R 

46852 3 

*d;-o= 

0 2133 62 

2134 58 
2143 66 

6R 

1 

46832 8 
46634 4 

? 

) 

0 2134 31 

T 

2152 91 
2163 53 
2156 96 

6R 

6R 

7R 

46434 0 
46420 7 
46347 0 

• 

1 Single bioad 

0 I ^6^e^sal on 

0 j my plates 

2164 10 
2176 62 

4R 

OR 

46194 1 
45928 4 


0 

Ruark, etc Very 
faint traces appear 

2177 22 
2189 58 

4R 

8R 

45915 7 
45656 6 

!s=-e, 

D. JvT 

on one plate only 
Ruark^eto 2177 33 

2198 26 

IR 

45476 3 


T 

2202 86 

2RU 

45381 3 


T 

0 f 

2203 12 

4U 

45376 0 
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Xavi I A 

Int 

v\ ac 

Cla&sifioatiOE 

i Bemaeks 

221411 

3R 

45150 7 



2224 24 

2 



0 2224 21 

2228 23 

lOB 

44864 6 



2230 64 

lOBu 

44816 4 

'S,-C, 


2237 84 

IR 

44672 0 


T [TJ ?] 

2246 77 

111 

44494 5 


T 

2249 38 

5 

44442 9 

"P, -Cj 

T 

2276 o7 

lOR 

43912 2 



2281 38 

6u 

43819 5 


0 228135 

2288 no 

1 

43692 8 


T 

2289 98 

1 

43655 0 


T 

2293 87 

6u 

435820 


T? 

2297 58 

lu 

43510 6 


T 

2304 94 

lu 

43371 7 


T 

2309 73 

3U 

43881 7 


0 2309 3 

2313 80 

IB 

43205 6 


T 

2316 1 

lU 

43162 7 


T 

2317 43 

Ir 

43138 0 


r 

2328 19 

7r 

42938 6 


^ 0 2328 24 

2329 95 

I 1 

42906 2 


T 

2333 79 

7 

42835 6 



2337 49 

5 

42767 8 


T 

2346 91 

5u 

42614 3 


T 

2347 99 

ou 

42676 4 


T ’ 

2349 10 

3 

42556 0 


T 

2353 6l 

1 

42474 9 



2364 60 

4u 

42457 0 


0 2354 48 

2360 09 

lU 

42358 1 

*P.-b. 

T 

2368 18 

Ir 

42213 6 


T 

2389 21 

6u 

42195 2 


0 2369 17 

2379 73 

5u 

42008 7 


T 

2400 90 

lOB 

416384 

’D,-N3 


2409 57 

2U 

41488 5 


0 24uy os 

2430 45 

3u 

41132 1 



2433 4 

3U 

41082 3 


0 f 

2435 81 

2U 

41041 8 


T 

2448 30 

8R 

40832 3 


0 2448 08 

2489 6 

3U 

40155 0 

1 

0 s4oy 4 
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X air I A 

Ini 

v vac ' 

Olnssification 

RLMABKb 

2499 52 

10 

39995 0 


0 2499 30 

2515 68 

9R 

39738 7 



2524 53 

9R 

39690 6 



2532 2 

5U 

39479 5 


0 2532 5 

2580 56 

IR 

3941 1 63 

• 

T ? Hg 

2582 20 1 

4 

38715 1 


0 258215 

2594 12 

1 

38637 2 


0 2594 03,1' 38538 6 
M3' moasurcment 





approx 

2600 61 

0 

38441 0 


0 ? 

2627 92 

8R 

38041 6 



2696 76 

6R 

37070 5 

"'D,-G 3 


2730 46 

6u 

36613 2 

'Pi -0, 

0 2730 61 

2767 88 

3 

36118 1 


T 

2780 52 

8R 

35953 9 

'D,-Pi 


2798 74 

6u 

35719 8 

'D3-J3 

0 2798 70 

2803 63 

4 

35658 8 


T (Bx+) ? 

2809 64 

6R 

35581 4 



28640 

7U 

34905 8 

'Pi-M, 

0 2863 75 My 

2883 81 




measuiemenfc ap- 
proximate 

111 

34666 2 


0 ? 

2892 91 

lu 

34557 1 



2897 99 

9R 

34496 6 

’D.-Ei 


2938 32 

9R 

34023 1 



2944 28 

0 

33954 3 


0 ? 

2989 05 

7R 

33445 8 



2993 36 

6R 

33397 5 



3024 67 

7R 

33052 0 



3035 18 

7x1 

32937 5 

'P.-C. 

0 3034 91 

3067 73 

lOR 

32587 9 

-a; 

3076 69 

2R 

32493 0 

'Da 


3093 58 

5u 

32315 7 

®p, L," 

T 

3144 6 

5Uj 

31791 4 

'D,-a, 

T 

3216 8 

lU 

31077 8 


T 

3239 73 

6 

30887 9 

’P--b, 

T 

3267 97 
3302 55 

■I 

30591 2 
3027 0 9 

'P.-K. 

T 

T 

3361 23 

n 

29742 5 

« 

T 
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X air I A 

Int 

1 -sao 

Classification 

Remaeks 

3382 28 

1 

29557 4 


T 

3397 29 

5R 

29426 8 


0 3397 21 

3402 80 

1 3 

29379 2 


T 

3405 63 

m 

29354 7 

’‘P.-Is 

0 3405 23 

3510 96 

6n 

28474 2 


0 3510 85 

3519 18 

3 

28407 6 


T 

3596 11 

1 3R 

27799 9 



3599 94 

1 1 

27770 4 

’Da — ^3 

T 

3619 37 

2 

27621 3 


T 

3775 75 

1 1 

26477 3 



3887 94 

2 

25713 3 

’P,-Pl 


3888 22 

i 2 

25711 4 



3912 90 

i 1 

26553 2 


0 ? 

4116 35 

i 0 

24286 5 


T 

4121 52 

5 

24256 1 

’P.-E, 


4121 84 

1 5 

1 24254 2 

*P, — E. 


4127 36 

5u 

24221 8 


T 

4220 83 

2 

23685 3 


T 

4254 15 

1 

23499 9 

A, -f 

1 f=2476 

4260 06 


23467 3 


T 

4308 17 


23205 2 

’P.-D, 


4308 53 

KB 

23203 3 

’P.-D, 


4492 61 

1 

22252 6 



4492 97 

1 

22260 8 

1 Pi —Bn 


4615 15 

1 

21661 7 



4615 60 

1 

21659 6 



4692 32 

lu 

21305 6 

Ai 'f' 


4718 38 

1 

21197 8 


1^=4670 

4722 19 

10 

21170 7 


1 T 

4722 54 

10 

21169 1 

f 'D.-A, 

1 

4722 83 

10 

21167 8 

i 

i 

4728 96 

1 

21140 4 


T 

4733 78 

' 2r 

21118 9 



5298 36 

lu 

18868 5 



5552 23 

7r 

18005 8 



5599 41 

3 

17854 1 

'Pa -I. 


6718 81 

2 

17481 3 



6742 69 

3r 

17408 9 










24i0 


THE ALLAHABAE -UNIVERSITY STUDIES 


X nir I A 

Int 

^ao 

Olassifioation 

Remahks 

6134 86 

2 

16295 8 

•P.-H, 


6184 99 ! 

2U- 

16163 7 



6364 75 

lu 

16707 2 



6475 73 

3 

16438 0 

1 C ® T-» 


6476 24 

3 

15436 8 

I b. — ilj 


6991 12 

4 u 

14299 9 



7036 15 

2 

14208 4 



7335 01 

1 

13629 5 



7441 25 

lu 

13434 9 



7502 33 

2 

13325 6 



7838 70 

3 1 

12753 7 



7840 33 

2 1 

12751 1 

'P,-E, 


8210 83 

10 

12175 7 


f=2473 

8501 8 

lu ! 

11759 0 


1 

8544 54 

2 

11700 2 

*P,-D, 


8579 74 

1 

11652 2 



8627 9 

lu 

11587 1 



8754 88 

2 

11419 1 

%-’D, 


8761 64 

3 

114104 



8907 81 

2 

11223 0 

D.-f 

f-2475 

9058 62 

1 

11036 2 



9342 60 

lu 

10700 7 



9657 2 

300 

10352 1 



^Rowland 

Int 

vao 

lOlassificatiOD 

1 

Remabks 

9828 8 

20 

101714 

i El — i 


10106 1 

20 

9892 3 



10301 7 

15 

9704 5 



10540 2 

8 

9484 9 



11073 2 

25 

9028 4 


v!'=4670 

11555 6 

6 

8651 5 



11711 1 

100 

8536 6 



11994 6 

13 

8334 9 



12166 5 

40 

8217 1 



12690 6 

30 

7877 8 



143316 1 

26 

6975 7 



22264 2 1 

7 

4432 6 


v«'=4670 









'i’Hlv AKC SPLCTltUM 01’ BI&MUTH 


24il 


i’uBOECTicAii Considerations 

Bismuth belongs to the gioup ot hve-valence electrons 
(N, P, As, Sb), and it may be recalled that the spectia of 
none of these elements ha\e been completely elucidated 
Fo\\lei ‘ has classified the lines of 0 ^ but he could not trace 
the fundamental levels Millikan and Bowen* have dis- 
covered some of the fundamental levels of 0 in the 
extreme ultra-violet, but the mutual relation of the inter- 
combination systems has not yet been completely established 
A discussion of the stiiictuie of the spcctium of 0 + from 
the standpoint of Hund’s theory has been given by E H 
Fowler and D Hartree ’ 


Election Composition of Bismuth 
2 K 8 L 18 M 32 N 

01 0, 0, 0^ 

2 6 50 



R, 


For detailed explanation, see a paper by Kichlu and 
Saha “ On the Explanation of Anomalous Terms in The 
Spectra of Two-valence Elements (Phil Mag , July, 
1927) 

The letteis K, L, M, denote the X-Ray levels, and the 
numbers undei them lepiesontthe number of elections in 
the level Possible transitions giving rise to the line spectra 


are indicated by ai rows 


' A Fowlor, P R S (Lond 1, A V ol llO, p 

Millikan and Bowen, Naluro Septemb , /r i ^ HI 

’ R H Fowler and D Hartiee P R S (Loud;, A iii, 
For Nitrogen see ETeiss, Joui Opt See 

For Phosphorus Miss Saltmarsh, Phd Ma„ , voi Auvii. 
874 (1924) 
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■I'lib univLusiry bTUunis 

The comUmations and the eKj)eoted tenns me given 



etc 


Ehvlunahon -‘iV-, indicates that all the 3 -Aalence 
elections aie at P,-ie\el 25\Q. indicates that one has 
Qom ovei to Qj, etc The tenns aiising fiom any com* 
Innahon according to the theoiy of structnie of complex 
spectia, aie sIionmi below that combination Attention is 
drawn to the fact that m the symbols dPi , 2PiQi, 2PaP» i 
etc , P indicates the paiticuiar shell m the atom nuin* 
beied according to the contention, K, L, M, 

*P» , 1 , etc in the biackets indicate spectial teinis having 
P-chaiactenstics Tlie contusion is legrettod, but is un- 
atoidable 

Bismuth being a heavy clement will show abnoimally 
wide sepaiations m tlie values of the teims aiismg from the 
the same electvome combination J have, theiefoie, started 
with the theoietical spcctium of Bi'^of nhich the fundamental 
levels aie , 'So To calculate the teinis 

of Bi, 1 have taken each one of these optical levels, and 
bi ought a fiesh election to each of the outer levels, and 
calculated the possible oibits This is shown in Chart I 
and then the range in value of the teims are discussed 
below, and their identification is carried out in Table II 
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CHART I 


Combination 

Sommerfeld’s 

J-valiie 

Lnndo’s 

J-vnliie 

Tei m 

Identi- 

fication 

2P,Q. 

(’Po) '-Su. 

1/2 

1 

‘Pi 

Ai 


CPo) "'S.,, 

1/2 

1 

‘P. 

El 



3l2 

2 

'P= 

D, 


(’P.) 'S,;.. 

3/2 

2 

'P„ 

H, 



5/2 

3 

’P, 

G, 

2P,P, 

CPo) 

3/2 

2 

X, 

B, 



5/2 

3 

X, 

0, 


(’P,) ’D, /,,»/, 

1/2 

1 


- 



3/2 

2 


I. 



5/2 

3 


J, 



3/2 

2 





5/2 

3 





7/2 

4 




1 ( Ps) 

1/2 

1 





3/2 

2 





6/2 

3 





7/2 

4 





1/2 

1 





3/2 

2 





5/2 

3 





7/2 

4 





9/2 

5 

‘P, 
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{a) The Fundamental levek 


Five fundamental levels aie expected '‘S,, D,,,, “P,,- 
It IS natural to identify them with the levels discoveied by 
Kayser and Runge, but seveial disciepancies have to be 
removed 

A glance at the Table II shows that the first two levels 
have the same combinatory powders up to the sub-level denoted 
by J The only discrepancy was in the level E There are 
two close lines /\2177 22 and A.2176 62, and, accoidmg to 
Ruark, etc , it is the shorter line Avhicli is the more intense and 
easily absoibed But my measuiements show that the longer 
line \2176 22 is the raoie intense and is always obtained in 
absorption, w'hile the hne x2176 61 appeal very faintly on 
one plate only With this coriection, E fits in well undei 
Doth levels 

Beyond this level the lines which aiise fioni combina- 
tion with ”8, fall in the Schumann region Bloch has given 
data for this legion, but they do not seem to be reliable 

The thud level has the j-value 3, foi it gives fewei 
combinations I have specially looked for the lines D, E 

and ”Pi — C, but they aie definitely absent 

The close levels 'p,, having the sepaiation 1 91, have 
piobably the same innei quantum numbei 1, and ditfer only 
in the “ fine quantum number ” intioduced by Ruark^ 

I have provisionally identified the fifth level P= with 
Ruark’s “ e ” This is a bit doubtful 
(p) The next levels ai ise f) om the combinations 

2P.Q, ] 

2P,P, j 

We have to identify these levels with the levels denoted 
by A, B, 0, 1), etc , and a mere glance at the 

chart shows that theie is a wide diveigence in the scale of 
values of these terms We aie here encounterinp tm ms o ^ 


> Ruurk. Phil Mig, Vol 50, p 937 (1925) ^2 

Sommerfeld, Three Lectures on Atomio Theone , p o 
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the “ displaced Tm>o ” filst dISCo^eJed bj Paschon' in the 
spectumi of Noon, and since conhiined by Giotiian’ and Sur® 
in the spocluini of Pb We sliall take the discufesion of tins 
point m detail 

The fundamental tcinis ofBi"* aie given by the com- 
bination "P. giving ns the teiins 
’P„, =?,, -D,, ‘So 

siniiJiai to those of lead fn the case of Pb, 

’Po-’Pi = 7,817 
®P,- ®P, = 2,831 
In the case of Bi mo assume that 
’Po- ’P, = 16,000 
■'P,- ’P, = 6,000 

When Me foim ih by bunging another electron, either 
in position Qi or in Pa, it is compaiatively lightly coupled to 
the innei elections We can classify the neM terms fxom 
2 Pa Qi, and (2?,) Pj in thiee gioups, viz , (1) from ®Po-state, 
(2) from “Pi-state , (3) fioin ®Ps-state of Bi"^ , and Mm 
expect that those gioups aie approxiuiatelj sepaiated by the 
values ^Po — ^Pi, ®P, — ^Pa These thiee gioups are 
shoMn in the tabulated foim in Cbait I 

In calculating the lesultant j-values, m’c have assigned 
the Somnieifeld j-values to each teini This is shoM'n in 
column 2 In column B, the convential or Lande j -values 
are given This is Sommeifeld’s j-h-| 

It Mill be seen that we get three teims fioin "Po-level 
me ‘‘Pi, Xo andXa In analogy Muth Pb, since “Pi 
arises fioni the election configuiation 2PsQt vm may assign 

to “Pi the appioxiinate value and to X2X3 the 

value — j (2P^P,) We have therefore no difficulty in identi- 
fying “Px, X 5X3 with A, B and G lespectively 

' Pasohen, Ann der Phy , Volo 60 and 63 
' Grotnan, Zeib f Phy , Vol 3ft 

’ Sur, Phil Mag (on the Spectrum of Pb to be published!, 
Meissner, Zeit f Phy , Vol 38, page 647 


THK ARC SPECTRUM OP BISMUTH 


249 


The (“Pi) terms will be less than (*Po) or ^Pi-by 
about 16,000 Hence we may identify these as — 

D='P. and E=’P, 

The (*Pi)“D-teim8 will be very small oi may be even 
negative 

The terms arising fiom (^Pj) can be easily identi- 
fied with G and H The inner quantum numbers are in 
perfect agi cement 

These identifications leave out the teini F with j = 1, and 
Thorsen is therefoie justified in identifying it as the liighei 
Rydberg number of A, ^ e , 2 P 2 Ri 

In Table III we give lines which probably foim a 
Rydbeig sequence 


Table HI 




*Pi 


32687 9 

21109 1 

» t 


3067 73 

4722 64 

• 


473724 

36963 8 

25713 3 

14208 4 

2110 20 

2780 63 

3887 04 

7036 15 

62262 

40832 3 

30591 2 


1909 6 

2448 30 

3267 97 



The lines under the heading arc given In the Hicks’s 
formula — 


V=47,143 


(' 


m + 28143- 


15d24 \ 

m / 


m-2, 3, 


4 
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Tlvorsen gives ’ D. =47323 It is due to the fact that he 
gave the third row incoriectlv The line x3267 97 predicted 
by Thoi sen appealed on iny plates The first line of the 
third row is given hj Thoracn as xJ913 6 Dr Sur has 
always got (ho line xl909 6 m absorption and as this fits in 
the sclicme thei e is no doubt that this is the lino looked for 
I have boon -unable to identify the higher numbers pre- 
dicted by Thorsen, or numbers arising from my formula 
The terms aiising from ( ’Po ) inz , in the electron 

configurations 2P, ( P, ), 2?^ ( Qj ), 2P- ( P, ), will form 
a regulai Rydbeig sequence The lines pi ovisionally identi- 
fied are given below 

Table IV 



‘S. 

‘-'S 



i 



43912 0 

32493 2 

28476 0 

1 22252 6 



2276 57 

3076 67 


4492-61 

1 



61017 3 

39599 6 

35681 5 

29358 2 

i 17854 1 


1959 48 

2524 52 

2809 63 

3405 63 

I 5599 41 

L 


(53976) 

42556 6 

2349 10 

38538 6 

2594 03 

32315 7 

3093 58 

■ 


The three lines under can be represented by the 

formula 


•y=43,314 — 


N 


m — 08059— 


59766 

m 


)' 


>»=s3, 4, 5 

It 18 seen that the limits calculated from both the sets 
come almost to the same value. 
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Table V shows the lines which form a i eg ulai Rj^dberg 
sequence with teims X , arising out of the combination 
= Po 


Table V 



"S, 


'D 3 

“Pi 

Term 

value 

i 

j 

44816 4 

2230 64 

33397 5 

2993 36 

29379 2 

3402 80(3)1 


13746 

i 

-X’a 

51163 2 

1953 89 

39738 7 

2515 68 

35719 8 

2798 74 
( 6 u) 

1 

1 

1 

1 

7405 


(54032) 

42614 3 

2346 91 (5u) 

i 

(38596) 


4529 

1 


The lines under ’“D, may be easily grouped under a 
Rydberg sequence The last teim is a bit doubtful 

No regular Rydbeig sequence except these tliiee are 
expected The terms arising out of ’P, or will 

form legulai sequences if 16,000 and 6,000 approximately 
are added to them Hence all the terms after the first 
will become very small or negative Unless the spectrum 
IS investigated in the Flounte region, it will be difficult to 
identify them 

Lines occuiimg as the result of intei-corabination be- 
tween the states 2 P!i P, , 2 P 2 Q and 2Po , 2 P 3 Qi, 
have been looked for from the existing data, but only the 
following have been found 


A 

4254 16 
8210 83 
8907 81 
9828 8 


V 

23499 9 
12175 7 
11223 0 
10171 4 


A, -2475 
B„ -2475 
Ds-2476 
Bi -2475 
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Tilo above ^vas found by Ruark and others, in addi- 
tion to this f find the one given bc!o^v 

\ V 

4692 32 21305 5 Ai —4670 

1107 32 0028 4 D,-4070 

222o4‘2 4432 6 IJ. -4670 

It seems that the existing data is not sufticient to 
establish the iiitei -combination terms and hence the 
legion a4800 — a8000 is no\s being imestigated 

In conclusion I wish to thank Prof M N Saba 
undei wliosc diicction and guidance this investigation has 
been earned on I am also much obliged to Dr N R 
Surlbi Ins suiipljing me iMth some of Ins unpublished 
data on Bismuth undci-water spark and absorption spectra of 
Bismuth 


MEASUREMENT OF CAPACITY AND HIGH 
RESISTANCE BY MEANS OF A 
THERMIONIC VALVE 

D\ 

G R TOSHNIWAL, MSc, 

Research Scholar, Allahabad University, Allahabad 

INTRODUCTION 

Tlie use of tbeirnionic valve, an instiunient found in 
everj physical laboratory nowadays, is confined not only 
to ''Radio, ” but of late has largely been extended to the 
measurements of voltage and capacity John Scott Taggart 
and several others using heterodyne methods, while Karolus 
and Prince,* Gorbatschetf’ and Dowling* using other 
methods, were not successful in measuring capacities of 
-the order of a few ems , although they succeeded in measur- 
ing small changes in capacity Further these methods 
were not so simple and handy as the one now desciibed^ 
The quadrant electrometer methods used by Mukeijee 
and others are very elaboiate and inconvenient Bridge 
method recently developed by Hartshorn® may be quite 
handy, but diffeient methods 'using entiiely different 
piinciples and instiuments provide greater convenience 
in the measurement of a qu antity 

'Taggart Electrician, ^pril (1019) 

* Karolub and Prince Phys Zeits , 22, 362 (1921) 

’ K Gorbatscheff Phys Zeits , 25, 485 (1924) 

* J J Doivling Roy Dub Soo Pro, 16, 175 (1920) 

“AT Mukerjee Phil Mag , 38 (1919) 

“ L, Hartshorn Phy Soo Pro , 36, 399 (1924) 
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Bowling* made use of the cumulative grid lectih- 
cation pioportj of the valve and found that the relation 
between capacity and galvanomotci deflection was linear, 
but he too was obliged to use metallic screening to avoid 
unsteadiness of the galvanometei The method now to 
be desciibed dispenses altogethei with screening and 
is capable of measuring capacities as low as 5 cms 
within 1 pc Avitli necessary piecautions and suitable 
galvanometer 

experimental arrangement 

The arrangement used is shown scheinatically below 



The figure g„e„ above is selt-explanatorj- K is a 

r by the battery on 

he entieme left The initial anode-filament onrrent is 

reaisloTi separate battery and a contimiously vanable 

greater balancing; lesistance R should be mnch 
The annde^^f assistance of the microammeter M A 
IrlTid r “■“* bias, the 

acterist fc, T"" oftheehar- 

filament 0111°! discharged through the grid- 

dotted hue Suitable value of L ^ ? T ^ 

grid leak is chosen so 

* Dowling Loo oit 
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that witli the capacities to be measured the deflectiou in 
M A IS not greater than the lange of the instrument 
With these precautions the deflections foi various values 
of K and giid leak -were noted and graphs plotted 


Charging voltage 

Grid leak 

Capacity 

Deflection 



6 oms 

14 

20 Volts 

None 

6 8 cms 

15 



7 cms 

16 

i 


10 oms 

20 

1 

1 


17 5 cms 

31 



35 cms 

61 


Charging 

Volts 

Grid leak 

Capacity 

Deflection 

10 2 

Lead pencil line 

35 eras 

80 


70 

16 0 



116 6 „ 

28 0 



176 „ 

43 5 



233 3 „ 

57 5 

] 

1 


350 

88 6 

10 2 

6 Megohms 

300 oms 

16 0 



450 „ 

24 5 



600 „ 

32 0 



675 „ 

36 0 



900 „ 

48 6 

10 2 

66 Megohm 

1 X 10-V F 

2 

76 

14 0 



3 

210 



4 

27 5 



5 

34 5 



6 

41 0 



7 

48 0 



8 

65 6 



9 

62 0 



ro 

69 0 
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Taking a suitable condenser and \aiymg the grid leak 
it was found that a lineai relation ovisted between the 
gild leak resistance and the deflection A t3pical set of 


loadings Yith a conesponding giaph is appended 


OhargiHp 

Volts 

i 

1 r.ipacih 

1 (tiul lo.lk 

} 

1 

Deflection 

10 2 

04H /A F 

1 

I X 10“ ohms 

16 0 



2 




. 3 

44 5 



' 4 

57 0 



0 

70 5 



6 

83 0 


1 

7 



1 

1 

1 . 



9 

U 


5 


r 


R X 10* ohms 
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DISCUSSION OF THE RESULTS 


Leaving aside the 1st giaph foi verj small capacities, 
it is evident that a lincai i elation exists betv eeu the capacity 
and the inomentai j deflection in the niicioanimetei From 
the observations and othciwise too it is quite appaient that 
ve are not dealing with amplification of the quantit}' of 
electricitj' actualh dischaiged thiough the giid-fi lament 
circuit When a ccitaiii qiiantitj of electiicity is dischaiged 
through this circuit, due to the capacitj effect of the elec- 
trodes, the gild is momontaiih chaiged to a certain voltage 
and we get a corresponding hick in the imcioammetei The 
Aoltage thus applied to the giid then evidentlv depends upon 
the quantity of electiicih dischaiged through grid-filament 
which in turn depends upon the giid leak In the anode 
circuit we are also dealing vith a inomentai v cuiicnt, i c , 
a quantitj of electncity and hence it is to be expected that 
the deflections will be directly piopoitional to the capacity 
K in case a ballistic galvanometei is used Using the latter 
instrument it V as actually found to be the case But the 
results given here are all those obtained bj using t e 

microammeter as it IS ceitainh more handv and comenient 


to use j 

In the case of Graph 1, a parallel plate condenser was used, 
and as it was not provided with a guard ring, tie simp e 


formula C= does not rigidly liold, and is likely to 

introduce some cuivatui e in the relation This cm vature can 
also be attributed to the fact that the capacity of connecting 
wires, etc , becomes a considerable factor u 
using higher and higher capacities, this curva ure P 

and the relation becomes linear olate 

The eqaaLon eoanectmB Pl«‘o 


potential and grid potential is 
L=A (Ep+f E«) 
sIp=Af^ s Eg 


( 1 ) 
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The quantity of electiiciU dischaigcd through the 
anode cucuit is 

Q = y 8 Ip dt 
= Afi y'sEpdt (2) 

AsBunnng that the gi id-hlunient i esistance is infinite, the 
grid -v oltagc at any instant is given by 

8 E. = E. c 

■whole E— the E. jM F of the chaiging battorv 
C— Grid=Filanient capacity 
G— Giid=leak resistance 
K= Capacity of the condense i 
Hence, fiom (2) and (3) 

Q = A,.E ( e (0^^ (It 


— A E (C-i~K) G ft 
=»A E K G /A 
■when C< <K. 


In conclusion I wish to thank Prof M N Saha and 
Ml S R Blla^ga^a foi then kindly help and interest shoAvn 
thioughout the progress of the work 


ABSTRACT 

Charging a capacity by means of a suitable battery and 
discharging it through the giid-filainent circuit, provided 
with a suitable gi id-leak, it has been found possible to 
deteimine the value of a vei\ small capacity, by noting the 
change in the anode cuuent By a similai piocess, values 
of high resistances lia^e also been found out 
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VISCOSITY OF SOLS IN PRESENCE OF 
ELECTROLYTES 


BY 


D N OHAICRAVARTI, M N OHAKRAVARTI and 
N R DHAR 

In pie\nous publications' from these laboiatones, 
it has been shown tliat the viscosity of colloids deci eases 
appieciably on the addition of small quantities of clectio- 
lytes Hence we have concluded that the increase of 
charge on a colloid is always associated with a decrease 
of the viscosity and the amount of hydration of a colloid 
In our investigations with nuraeious sols we have always 
found that on the addition of small quantities of eHectiolytes, 
the viscosity becomes appieciably less On the a ition 
of fuithei quantities of electrolytes the viscosity again 

increases and long before coagulation sets in, tie viscosi y 

of a sol in presence of an electrolyte is gieater la 
that of the original sol Moreover, we have shown that 
on dialysing sols of vanadium pentoxide, ceric ^ ^ ^ ’ 

etc, 3ellies could be obtained We have explained a 
these observations on the view that the viscosi y 
hydration of a sol aie gieater, the less the amount ° ^ 

Moreover, we have also shown that those ions w 
highly adsorbed by a sol produce greater 
the viscosity than ions, which aie not so higi V n s 

The deciease in viscosity m the case o ar— 
sulphide in presence of Kd isjbou^^^jj^ 

' J Phys Ohem 29, 1656 (1925) , 3J>, 1646 ^ 

anorg U allg Cham 1S2, 393 (1926) , Koll Zot 45. 124 (194 

363 
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case of feme hjdroKide )n pic‘5cnce of the same electrolyte 
the decrease of Mscosity is 12 per cent , this is because 
aisemous sulpludo .idsoibs inoic Cl ions than fenicliydro- 
vide can adsorb K ions Consequently the chaige on the sol 
of aihcnious sulphide is increased to a greatei extent than in 
the ease of feiric hydrovido and hence the decrease in ns- 
cositi IS more maiiccd in the case of aisemous sulphide 
sol than in the case of ferric hydiovide sol 

It is V ell-known that fcrrocyanide ions aie appreciable 
adsoibed b\ sols of prussian blue and coppei ferrocyanide 
and hence in presence of potassium feriocyamde these 
sols show 11101 c marked decrease in viscositv than m presence 
of othei elcctrolites We liaAC shown in picvious papois 
that arsemous sulphide sol is stabilised by HjS and 
NaHS From oui experimental results it will be seen 
that arsemous sulphide m presence of FTaHS shovrs 
greater decrease in Mscosity than in jiresence of small 
quantities of othei electiolytes Similaily in presence of 
feme cbloiide, by diochloric acid, etc , there is inoie marked 
low*ering of viscosity of a sol of feme hydroxide than m 
presence of KCl 

In this paper we aie lecording further experimental 
results in support of the above view^s Moreover, we have 
been able to show niatheinaticalh’ that the surface of a 
colloid particle becomes less w hen the amount of charge on 
it is increased 


experimental results 

Thorium hydroxide sol prepared in the cold by the 
uydrolysiB of thorium nitrate 



VI&OO&ITY OS’ &OLS IN VRB'bBNCE OP ELECTROLYTES 265 

Table I 

Thorium hydroxide sol (cold) and KI 
Concentration of the sol = 4 25 gins of ThOa pei litre 


Temp 25° 




Time of rise 

Time for fall 


Viscosity 

Water 








0 00894 

20 0 0 

sol and 








0 00315 

5 0 0 

■water 

4 

mm 

53 sac 

10 mm 

0 see 

20 0 c 

sol an<l 








000912 

5 0 0 

M/500 KI 

4 

}i 

52 „ 

10 


4 

1 

20 0 0 

sol and 








000911 

5 c 0 

N/ JOO KI 

4 


51 „ 

10 


0 

1) 

20 0 0 

sol ind 






0 


0 00911 

*) 0 c 

N/10 ) KI 

4 

» 

51 . 

10 


n 

20 c 0 
5 c c 

sol and 
N/50 KI 

4 

IJ 

52 „ 

10 


11 

j 

000915 

20 c 0 
5 c 0 

sol and 
N/IO KI 

5 

M 

5 „ 

10 

>» 

24 


0 00949 

20 0 0 
5 0 0 

sol and 
K/1 KI 

5 


20 „ 

10 


42 

»> 

0 0C989 


Table II 


Thorium hydi oxide (cold) and Th (NO )* 

Concentration of the sol=4 25 gms of ThOa per litie 

Temp 25° 






0 00894 

Water 

Sol and watei 

20 0 0 sol and 




0 00915 

5 c 0 M/100 

Th (NO J, 

4 mm 

53 sec 

10 mm 

4 sec 0 00914 

20 0 0 sol and 





5 c 0 M/50 


51 )i 

n 

',7 0 00906 

Th tNOJ, 

20 0 0 sol and 

4 „ 




5 c 0 M/2 5 

Th (NOO. 

5 ,> 

22 .. 

10 , 

22 0 00985 


84 
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Thorium h>di ovule sol Avas also obtamed by boiling 
Thoiium nitrate solution and dialysing it. 


Table III 

Tliouuin hj dioxide (hot) sol and KI 

Concentration of the sol"! 82 gms per litre 

Temp 25' 

Dim KENT VISCOSlTi TDBl' “D" 


Water 


1 

mm 

36 

SCO 

1 1 mm 

10 

soc. 

0 00894 

20 0 0 

5 0 0 

sol and 
water 

1 


42 

>> 

11 

>3 

17 

ft 

000910 

20 0 0 

5 0 0 

sol and 
N/500 ICl 

4 

It 

11 

it 

11 

It 

15 

ft 

0 00908 

29 0 0 
5 0 0 

sol and 
N/lOO Kt 

1 

i> 

39 

) 

11 

ft 

14 

If 

0 00906 

20 0 0 
5 0 0 

sol and 
N/oO KI 

I 

) 

39 


11 

*? 

12 

>> 

0 00905 

20 0 0 

sol and 









0 00964 

5 0 0 

N|I0 KI 

i 

ft 

56 

t> 

12 

n 

12 

ft 

20 0 0 

sol and 









0 0)015 

.5 0 0 

N/j KI 

5 


27 

ft 

12 

ft 

24 

M 


Table IY 


Thorium hydroxide (hot) sol and Th (NO 3)4 
Goncentiation of the sol— 4 82 gras of ThO, per litre 

Temp 25 


VlSCObllV TUBE "B" 


Water 

20 0 o sol and 
5 0 0 water 1 min 

20 0 0 sol and 
5 o o M/500 

Th (NO J. 4 „ 

20 c 0 sol and 
5 0 0 M/ 

ThlOO(NO,). 4 , 

20 0 0 sol and 
600 M/50 
Th (No,). 4 

20 o 0 sol and 
600 M/25 

Th (No,). 5 „ 


42 

SCO 

11 

min 

17 

seo 

41 

ff 

11 

ft 

14 

♦j 

38 

ft 

11 

tt 

12 

3) 

41 

tf 

11 

ft 

14 

ft 

12 

») 

11 

If 

23 

ft 


0 00894 
0 00910 

0 00910 

0 00899 

0 00906 

0 00979 


1 ' 
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Table V 

Cenc hvdroYule sol (hot) nnd KCl 
50 gms of cenc anunonium nitrate dlssol^ed m 250 c c 
of water and the solution was boiled o\ci a dncct flame for 
about 15 minutes The sol was then dmlvsed for 7 days 
The concontration^of the sol=13 18 gms of CoO, per litre 


Water 
20 0 c 
5 c 0 

<=ol and 
water 

4 mm 

oO sec 

n min 

57 

Temp 25' 
0 00694 

sec n 00918 

20 c c 
o c c 

sol and 
K/500KCJ 

4 , 

52 

0 „ 

5"» 

„ 0 00907 

20 c c 
5 c c 

sol and 
N/lOOKCl 

4 , 

53 , 

0 , 

5U 

, 0 00910 

20 0 c 
5 c c 

sol nnd 
N/oO KOI 

4 , 

55 , 

10 „ 

0 

, 0 00916 

20 c 0 
5 c 0 

fiol and 
N/20 KCl 

0 (1 

3 , 

10 „ 

7 

„ 0 00936 

20 c 0 
5 c 0 

so] nnd 
N/IO KCl 

0 

14 „ 

10 , 

36 

„ 0 00974 


Table VI 


Cenc hydroxide (hot) sol and HCl 
(Above sample of the sol ) 

Temp 25 


Water 









0 00894 

20 0 0 sol nnd 

5 0 0 water 

4 

min 

56 

sec 

9 

miD 

57 

SCO 

0 00918 

20 c c sol and 

5 0 0 N/51)0HC1 

4 


59 

>» 

9 

11 

59 

11 

0 00924 

20 0 0 sol nnd 

5 c 0 N/200 HOi 

4 

ii 

54 


9 

11 

55 

1) 

0 00907 

20 0 0 sol nnd 

5 c 0 N/lOO HOI 

5 

It 

4 


10 

17 

17 

1» 

0 00943 

20 0 c Pol nnd 

5 0 0 N/')0 HCl 

5 

jj 

9 

»» 

10 

11 

25 

11 

0 00058 

20 0 0 ‘^ol and 

5 0 0 N/tO HOI 

5 

t} 

22 

11 

10 

*1 

54 

11 
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Merclc’b pure sodium tungstate was decomposed with 
equivalent amounts of HCl at the ordinary temperatme and 
was dialvsed 


TABim VII 

Tungstic acid sol and TCCl 


Conccntiation of the sol = 3 08 gins pei litre. 

(DilTeienl MscoeU\ tubes utsed in the following oxperitnonts ) 














Temp 25° 

Water 










000894 

20 

c 

0 

sol and 










5 

0 

0 

w atoi 

4 

miu 

57 

seo 

10 

nim 

27 

80C 0 

20 

c 

c 

•501 and 










5 

c 

0 

N/-)00 KCl 

4 


54 


10 


27 


0 00927 

20 

c 

c 

sol and 









') 

c 

0 

N/lOOKCl 

4 


54 


10 


26 

If 

0 00926 

20 

c 

c 

sol and 







1 

c 

0 

N/-)0KCl 

4 

Jt 

5.1 

** 

10 

J> 

25 

ft 

0 00924 

20 

0 

c 

sol and 







5 

0 

0 

N/IO KCl 

4 


52 


10 


25 

ft 

0 00923 

20 

0 

0 

'jol and 







5 

0 

0 

N/2 KCl 

4 

♦ 

.58 


10 

tf 

34 

ft 

0 00939 


Tabue VIII 

Benzopuipurm and KCl 

Concentration of the dye— 7 02 gras pei litre 

Temp 25° 
0 00S94 

0 00926 

0 00926 

0 00925 

0 00916 

0 00923 

0 00941 

0 01010 


20 

c 

0 

dye and 









5 

20 

c 

0 

0 

c 

watei 
d> 0 and 

4 

min 

57 sec 

10 

min 

15 

sec 

5 

20 

c 

0 

0 

c 

N/500 KCl 
dje and 

4 

ft 

57 

» 

10 

77 

15 

77 

5 

20 

0 

c 

0 

0 

N/lOO KOI 
dye and 

4 

7 

57 

77 

10 

77 

14 

M 

5 

20 

0 

c 

c 

0 

N/oO KCl 
dve and 

4 

77 

55 

77 

10 

>7 

0 

f) 

5 

0 

0 

N/20 KCl 

4 


57 


10 




20 

0 

0 

dye and 



77 

77 

5 

77 

5 

0 

0 

N/IO KOI 

5 


3 


10 


8 


20 

c 

c 

dye and 


77 

O 

77 

77 

77 

5 

0 

c 

N/1 KOI 

5 

77 

20 

77 

11 

77 

23 

77 
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Table IX 

Benzopurpunn and HCl 
(The above solution of the dye ) 

Water 


Temp 25° 
0 00894 


20 0 

c 

dye and 







5 0 

0 

water 

4 nnn 

57 see 

10 mm 

15 

seo 

0 00926 

20 c 

c 

dye and 







5 0 

0 

N/1000 HOI 

4 , 

55 „ 

10 „ 

10 

if 

0 00921 

20 0 

0 

d j e and 







5 c 

0 

N/500 HCl 

4 „ 

52 „ 

10 „ 

7 

a 

0 00913 

20 0 

0 

die and 







5 0 

c 

N/lOO HCl 

4 „ 

52 „ 

10 „ 

4 

if 

0 00911 


Rydiochloiic acid was found to have a dissolving action 
on the sol 


Table X 


Silicic acid was obtained by the decomposition of SiCU 
by watei and dialysing it for about a month 


Silicic Acid sol and KCl 


Concentiation of the sol = 12 075 gms of SiOi pei litre 


Watei 
20 0 c 
0 0 0 
20 0 0 
5 0 0 
20 0 0 
5 c o 
20 0 0 
5 0 0 
20 0 c 
5 0 0 
20 c 0 
5 c 0 
20 0 0 
5 c 0 
20 0 0 
5 c 0 


sol and 
Water 

4 

min 

12 

see 

sol and 
N/500 KOI 

4 

» 

11 

a 

sol and 
N/lOO KCl 

4 

}} 

9 

ij 

sol and 

N/50 KOI 

4 

fi 

22 

» 

sol and 

N/lO KOI 

4 

i 

29 

II 

sol and 

N/5 KOI 

4 


43 

a 

sol and 

N/l KCl 

4 


27 

a 

sol and 

1 69 N KCl 

4 

if 

14 

a 


Temp 30“ 





0 00803 

7 

mm 11 seo 

0 00854 

7 

II 

9 „ 

0 00852 

7 

1) 

8 „ 

0 00850 

T 

JJ 

22 „ 

0 00S83 

7 

71 

45 „ 

0 00915 

8 

1 

6 , 

0 00960 

7 

1? 

44 , 

0 00910 

7 

11 

27 » 

0 00870 
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Table XI 

Silicic Acid sol and HCl 


Concentiatiou of the sol 12 075 gms of SiO, per litre 

Temp 30' 

Walor 0 00803 


20 c 

0 

sol and 









000888 

5 0 

0 

water 

4 mm. 19 

soc 

7 inin 

38 

SQC 

20 c 

0 

sol and 









0 00886 

5 0 

0 

N/2000 HCl 

4 

» 

18 

n 

7 


38 

9t 

20 0 

G 

sol and 









000884 

5 0 

0 

N|1000 HCl 

4 


17 


7 

if 

36 

99 

20 0 

C 

sol and 









0 01092 

6 G 

0 

N/500 HCl 

5 

)) 

36 


8 

j> 

38 

99 

20 0 

0 

sol and 









0 01109 

f) 0 

G 

N/lOO HCl 

5 


43 

91 

8 

99 

39 

99 

20 0 

0 

sol and 









001020 

5 0 

0 

N/'iO HCl 

■> 

*} 

5 

)) 

8 

99 

23 

99 

20 G 

c 

sol and 










5 G 

G 

N/IO HCl 

4 


44 

If 

8 

99 

4 

99 

0 00961 

20 G 

G 

sol and 










5 0 

0 

N|1 HCl 

4 

tf 

30 

f) 

7 


52 

» 

0 00922 


Table XII 

Gelatin supplied bj Kahlbaum (Gold druck) 

One per cent Gelatin solution and XaOH — 

"Witb 0 1c c of toluene 

Viscosity tube “O’' 

Temp 30' 


Water 0 OUS03 

20 0 0 sol and 


5 0 0 

water 5 

min 

25 

soc 

9 

ram 

22 

seo 

0 01106 

20 c c 

sol and 








5 0 0 

N/lOOONaOH 5 

99 

25 

99 

9 

99 

17 


0 01102 

20 0 0 

<5ol and 








5 0 0 

N/oOO NaOH 5 

99 

32 

99 

9 

99 

33 


0 01127 

20 0 0 

•501 and 




99 


5 0 0 

N/lOO NaOH 6 

99 

20 


10 

9) 

59 


0 01294 

20 0 0 

‘'Ol and 





99 

5 o 0 

N/50 NaOH 7 

99 

1 

99 

12 


7 

99 

0 01431 

20 c 0 

“sol and 







5 0 0 
20 0 c 

N|10 NaOH 6 
sol and 

99 

24 

99 

10 

9 

53 

99 

0 01298 

5 0 0 
20 0 0 

N/2 84 NaOH 5 
sol and 

99 

34 

99 

9 

99 

30 

99 

0 01128 

5 0 0 

N NaOH 5 

99 

20 

99 

9 

99 

17 

99 

0 01099 
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Table XIII 

One per cent gelatin and KCl 

With 0 1 c c of toluene in 500 c c of the solution 


Freshly piepared gelatin solution. 

VlSCOSIir TUBE “0 ’’ 


Water 
29-3-27 
20 0 0 
5 0 0 

sol and 
water 

4 niin 

50 

see 

8 

min 

17 

Temp 30' 
0 0&8U3 

sec 0 00983 

20 0 0 
5 c 0 

sol and 
N/IOOO KOI 

4 

ii 

48 

yy 

8 

yy 

18 

yy 

0 00982 

20 0 0 

5 0 0 

sol and 
N/5U0 KCl 

4 

yy 

49 

yy 

8 

yy 

21 

yy 

0 00984 

20 c 0 
5 c 0 

sol and 
N/lOO KOI 

4 

yy 

50 

yj 

8 

yy 

22 

yy 

0 00985 

30-3-27 
20 0 0 
5 c 0 

sol and 
water 

4 

yy 

58 

yy 

9 

yy 

18 

yy 

0 01043 

20 0 c 
5 c 0 

sol and 

N/60 KOI 

4 

yt 

57 

yy 

9 

yy 

15 

yy 

0 01040 

20 0 0 
0 c 

•sol and 

N/25 KOI 

4 

yy 

58 

yy 

9 

yy 

28 

yy 

0 01047 

20 0 0 
6 0 0 

sol and 

N/5 KOI 

5 

yy 

17 

yy 

9 

yy 

41 

yy 

0 01346 



Table 

XIV 







One pel cent Grelahn solution and HO 
In ordei toavoidputiefactionO Ic c ofpuie toluene was added 
Viscosity tube “ G ” 














Temp 30“ 

Water 


4 

inin 

2 

sec 

6 

min 

31 

sec 

0 00803 

20 

0 

0 

sol and 










5 

c 

c 

water 

5 

77 

25 

71 

9 

77 

21 


0 01105 

20 

0 

0 

sol and 









0 01085 

5 

0 

c 

N/1000 HOI 

5 

yy 

20 

77 

9 

yy 

10 


20 

0 

0 

sol and 









0 01130 

5 

0 

0 

N/200 HOI 

5 

79 

35 

77 

9 

77 

26 

yy 

20 

0 

0 

sol and 









0 01252 

6 

0 

c 

N/lOO HOI 

6 

yy 

10 

V 

10 

77 

31 

yy 

20 

0 

0 

sol and 









0 01475 

5 

0 

0 

N/50 HOI 

7 

yy 

12 

77 

12 

yy 

33 

77 

20 

0 

c 

sol and 









0 01530 

5 

c 

0 

N/10 HOI 

7 

yt 

31 

77 

12 

11 

53 

77 

20 

c 

0 

sol and 







38 


0 01059 

5 

0 

0 

N/0 672 HOI 

5 

77 

6 

71 

8 

77 

77 
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Taulr XV. 

One per ciMit gelatin solution and BaCli 
With 0 1 c c at tolueno m 500 c c. of the solution 
5’'ifeC()'^H'y Tunn “ C ” 

Temp 30 

W fit Cl 0 00803 

81-8-27 


20 

0 

0 

sol and 









0 01055 

5 

0 

0 

Mat 01 

i min 

59 

BOO 

9 rnin 

83 

SCO 

20 

0 

0 

■.ol nncl 









001055 

') 

c 

c 

N/lOOOBnCl, 

1 

JJ 

58 

n 

9 

31 

34 

M 

20 

0 

0 

sol and 









0 01045 

5 

c 

c. 

N/jOO BuClt 

4 

) 

.76 


9 

jj 

28 

JJ 

20 

c 

0 

Rol and 








0 01063 

") 

c 

0 

N/lOO BiCl, 

7 


1 


9 

!S 

35 

13 

1-4 27 










20 

0 

0 

Rol and 










5 

c 

0 

water 

4 

ft 

75 


9 

)) 

22 

33 

0010.36 

20 

0 

c 

sol and 









.7 

0 

c 

N/iO BaCle 

7 


4 


9 

ff 

32 

33 

0 01066 

20 

c 

0 

sol and 








i 

c 

c 

N/10 Bad. 

0 


17 

>r 

9 

31 

47 

11 

0 01109 


With all the abo\G sols, experimental lesults show 
that in piesenco of small quantities > of electrolytes the 
"Viscosity IS decreased because of an increase in the charge 
on the sol Results with thoiium hj dioxide show that 
in piesence of thoiiuni nitiate, the loweiing of viscosity 
IS greater than in piesence of potassium iodide This 
IS ceitainly due to the fact that in piesence of thornim 
mtiate the sol adsorbs thorium ion and the chaige is 
increased to a greatei extent than ivith potassium iodide 
The Yiscositv ineasuieraents with silicic acid sols m 
piesence of electiolytes show that there is a veiy slight 
initial decrease, aftei this small decrease of viscosity it 
becomes gieatei than that of the original sol, and this 
increase in viscosity continues up to a limiting value 
wlien It begins lo dimmish again These lesulls can be 
eaptemedftom the folloivmg considerations -The silicic 
Odd sol prepared by u, „„a|d be coagulated by SCI 
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or KCl We aiP of the opinion that in piesence of incieaa- 
ing quantities of KCl or HOI the chaige at fiist is slightly 
increased by the adsoiption of ions caiiying the same 
charge as the sol With increasing quantities of elec- 
trolytes the chaige becomes smallei and along with it 
the viscosity and hydiatioii go on mcieasing On incieasmg 
the concentiation of the electiolytefuithei,it seems likely that 
there is a reveisal of chaige Consequently theie is a de- 
ciease in the viscosity The expeiimental lesults obtained 
with gelatin are veiy interesting In piesence of small quan- 
tities of HCl, KaOH, KCl and BaCK theie is always a slight 
initial decrease in viscosity, due to a slight inciease in 
charge When the concentiation of the electrolytes is 
increased, the viscosity goes on incieasing with the con- 
centration in the cases of KCl and BaCl* , but in piesence 
of KaOH and HCl with mcieasing concentrations of these 
substances the viscosity goes on mcieasing up to a limiting 
value and then it decreases We are of the opinion that in 
presence of KCl and BaCli the electiic chaige becomes less 
and less and hence the hjdiation and viscosity go on incieas- 
ing, but with KaOH and HCl when the concentration of 
these substances is laige, it seems likely that gelatin 
becomes really dissolved and hence the volume of the 
dispersed phase becomes less and the viscosity decreases 

THEORETICAL RESULTS 

We shall prove mathematically that the increase 
in the charge on the colloid paiticles leads to a decrease 
in the surface of the particles and consequently the amount 

of hydiation is also decreased 

The assumptions that we have made m the mathemati- 
cal treatment are — 

(1) the particles of any colloid aie generally ellip- 
soidal , for due to the Brownian movement the foim 
36 
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of llio colloul pax tides cannot easily haAe any comers, 
since collisions xmII tend to lound np the edges Asa 
lesiilt of tins nioyenient vrc max expect that the parti- 
cles m geneial aie likely to he ellipsoids and iindci ideal 
conditions, nia> bo e\en spliencal , 

(2) the ellipsoids aic iinagmed to be formed by 
rovoUition about the niaioi avis ‘ a ’ and the niinoi avis b 
Starting ^^lth these assumptions let I’s calculate y'bat 
will be the tendency of change of form of any particle 
if a positive charge IS given to it, and to do so we will 
calculate the mechanical foicc along the iiiaioi and any 
of the nunoi axes 

It IS Aiell-know'n that in an ellipsoid the distribution 
ot eloctnc thaige is such that the sni face density ‘ ’ d 

anv point is piopoitional to tlic perpendiciilai ‘ p ’ from 
the centie on the tangent plane at that point , 


Jit p= o- (i) 

Lot ABC be an 
ellipsoid and the tluee 
axes be OX, OT and 
OZ , OX being the 
major axis (Fig I) 



Fig 

I 


Cutting the ellipsoid in the plane of OT and ’OZ the 
cioss-section will be a ciicle If ive imagine a slice PQ 
to be cut as shaded (in Pig II) of thickness dz, then the 
slice will be an elliptic plate of 

thickness*'"^^ «ides inclin- 

ed at an ai^i^ equal to POZ 
(Fig II) T1 i!^^°oi of 

this elliptic plate^^^^ equal to 
b Bin e and the aan 

be calculated from 
of ellipse and wull be a 



Kig 

II 
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Let US consider the elliptic plate and calculate the force 
due to the electiic charge given to it This plate is of thick- 
ness dz and if ^^e measuie s along the edge then any element 
of area will be represented bj — 


dA=ds d7 


(n) 


Now the mechanical force due to electiic charge is 
2r a ‘ dA 


(wheie o- IS the density of chaige and dA is the area) 

Since the edges aie inclined at an angle e , the com- 
ponent of the mechanical foice in the plane of the shoe is 
clearly — 


27r <T~ dA sin 0 
Resolving this 
along the minoi axis, 
that is peipendioulai 
to the axis of revolu- 
tion of the ellipsoid we 
get — 

2r tr* dA Sin 0 sina 



Pig 

in. 


wheie a IS the angle which the normal at that point makes 
with major axis Combining equation (iii) with (ii) we get — 
2jr <r* ds dz sin 9 sin a (iv) 

Substituting the value of o- as given in equation (i) in 
equation (iv) we get the vertical component of the mechani- 
cal force — 


2!r At* ds dz sin 0 sin « 


=2r A, * dz sin a sin e d \ 

‘ ‘ dx 

=2r Aj " dx dz sin e 


If we represent ci\, and &a, as the major 
axes of the elliptic plate then (v) becomes 


27rA, 




(v) 

and minoi 


dx sm ® ds 
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21(1 


= 2 rK\ 

=K,h-\ 


a\ b] dx 


dx 


1- 


r\a]-b\) 

«1 


Bin e dz 


em 0 dz 


(vj) 


where K. is equal to (2ff Kj ' 

This 18 equal to 

K, 6 i 


a f dl 1 ^ 

I '' y a\~ •~ b\^ 1 X\/ ai — bt 

I 1+ 5 . 

'■ fll O) 




To find the voitical component of the force in the seim- 
ellipse UPS (Fig III), we have to integrate the above 
expression (vn) limits of ^ lying between— a i aud + 

We have the component equal to — 



dx 

1 "i- 

Rl"' 



1 + 


Rl Rl “ — 


=2^361'“ sm e dz log 


Rl 


Rl 




y a<^ —b\' 


J Rl —b\ 


RI 




_RlW_ 

~y — b\^ 


sm 6 dz log 



(vju) 


This is the total veitical component of the mechanical 
force due to the electric charge on the edges of the elliptic 
plate of thickness dz and the edges being inclined at an 
angle e 

To find the vertical component of the force on the whole 
hemi-ellipsoidal suiface we have to integiate the expression 
(viu) the limits of z lying between — b and +h (of Fig II) 
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We have the whole veitical component on the surface RPS 

(Fig ni). 




It has been shown that ai=asin e, and sin 0 , 

where a and h aie the major and minor axes of the ellipsoid 
and 0 the angle subtended by the semi-minor axis of the 
elliptic plate at the centre of the ellipsoid 

Then the whole veitical component on the hemi-ellipsoid 
IS equal to — 



log 



dz 


Since dz = b de sin 0 (Fig II) 



In order to find the horizontal component of the 
mechanical forces on the half-ellipsoid cut by the plane TOZ 
(Fig I) -w^eput ai for &i and bi for (Zi in the expression (vi) 
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ai ca 


(h 


then the hoii'/onta! component of the force on any oloment of 

To find the hoii/ontnl component on the semi-elhpse 
PSQ (Fig II) Ave ha\e to integrate the above expression 
witlim limits of i 1 a mg hehvcen -- bj and bj The com- 
ponent theiefoie 


r - ^ -| 


A = -f-Zi 


= Sin 0 th 


(h 


1 + 






K 


Sme (/a 


•i'd 

r -1 ^ 

-6 



^ « 1 ^ 
Oi 


— Sm 0 /an ^ dz 

rtj ' — 


\ 


OT7^ - ^ ^ ( iSr ‘ ^ / J” 




Since i?j — a Sm e and =5 b Sm 6 

The whole Imuzontal component on the Jiemi-elJipsoid 
cut by the plane TOZ 


« j a 

a 0^ 


= 2K, 


-1 

fan . [a i / 

V ^ ^ J Sm* 




0 dz 


a^~b 


Since (Iz == hd6 Sm e 


Sm* e d0. 
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= \/?^ '"W/T"* 

a‘b^ 8 

Putting K for 2 X -r -- iT. 

we have the peipendiculai foxce tending to mciease 
mmoi axis (from i\) of the ellipsoid 


(xi) 


tlie 


=inog- 


'V^-5 


(xn) 


and the lateral force tending to inciease the major axis of 
the ellipsoid (fioni xij 

1 (sin) 


= 2Sr 


The following table gives the peipendiculai force along 
the minoi axis and the lateial foice along the majoi axis 

of the ellipsoid foi diffeient values of ^ 


a’ 

Vertical force 
Bq (xii) X k 

Lateral foice 
Bq (xiii) X k 

Diilerenoe 

X k 

1000 ' 

0 000* 



1010 

0 202 

0199 


1125 

0 092 



1500 

1 297 

2 093 

0067 

1 800 

1 608 

1 356 


4000 

2 631 ' 


0 538 

09 

09 

1 

3142 1 


„ . 7 fonris to =” but the 


* The absolute values will be finite 8'°°® ^ jateral, will 

two values, one of the vertical force and the othei 
be equal to one another 
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If Tre represent along- the X axis and the forces 

along the X axis -vre get the graph as shown in which Cnrrel 
gives the verncal and Curve II the horizontal component of 
force 

It will be seen that Curve I always hes above Curve II 
Tne same fact follows directly from expressions (xii» 

s 

and (xm) by differentiating -with respect to x t e 


a 

V 


The inclination ^ of Curve 1 

d \ 

r JT 


/ITT 


and that of Curve il 


fxi’-) 


r 


'/ x—l 


ixv) 


^3 

Since — , t e s IS always greater than 1. the expression 

(xivl IS always greater than (xv). Since both curves cut on 
the X axis i e i/—0 Curve I should always be above the 
Curve n (See page 283 ) 

Tnos we see that in an elhpsoid the force tending 
to increase the minor axis IS much greater than the force 
tending to increase the major axis Hence the elhpsoid 
will tend to become sphencal when an increased charge 
IS given 10 It. Dae to rigidity of the particles of the 
coUoid the volume remaius very nearly the same so the 
surfece tends to minimise because the sphere has the 
east surface for any particular volume and along with 
I he hydratton also decreases This effect will be more 

^onoTmced the greater the charge on the coUoia narricles. 

Vuh decrease of hydrerion the riscositr decreasei Xhna 

hrrr'a. i of a colloid 

bpheaddttonofaa electrolyte ts due to the adeorpdon 

the ton carryntg the same charge as the colloid and 
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this increased charge tends to round up the pai tides thus 
diminishing the free suiface, hydiation, and viscosity 
When the amount of electiolyte is gieatei the chaige is 
piogiessively neutialised and the leveise changes take 
place 


I I I I r I I t r I I I I I I I I I I I I I I I I f I I r t r I I [ I r r I ( I I I t I I 




■■■■HunSHaniMni 





liiimmiBi 


^ 

■■■■'■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■•■■■■■■■■■I 



■■■■■■■■■■■■■■■■■■■■■■■■RBBBBBBaiBRa'MaaBMBn 

■gna.MBBHBMniaaiBiaBBBRflBBaBaaBPsaiaBBaBBniBaBi 
^uiaaaaaaaaaaaaaaaaaaaMaaaaRSiBaaaaaaaaaaaai 
BBBiaBBBBRBBBBBBBBBBaJaHBBaaaBBBBBBBBBBBBBBI 
BBiBBaBBBaaagBBBaBBBriilBBaaBlSaaBBaBaBaBBBBBBBBI 
BBBaiBBBBBBBaEaBBBBBrjBBaiaSlBBBBBIBilimrJiailBBBaBaBI 
BBBBBBBBiBBBBBBBflBBRBBBaiSaaBBBBBIBBBBBBBBBBBBI 
BBBgIBBBBBBBBBBBBBaaBBBaBBaBBBBBBBBBBBBBBBBBBI 
iriBBraaBBBBBBBBBBBBBBBBBBBBBi 


BBBBBBBBBBBBBBBB'JRaBBBBaiBBgagBBifll 


IBBgBBHI 

BaaBiaBBaBaB aaa r. aaaaaaa aBaaaaaaagaaaiaagai 


laBBBBI 

JaaaaBB 

BBaBBBBBBBBBBBBaBBBBBBBaBBBBBBBBBBBBBflBflflflBan 

BBBBBBBBBBBBRBBABaBBBBaaVBBBBgaBiBBRBBBaBBaBBB 


B BBB ■BBaBBBBBBr/aBBBBBBBBBBBBBBBBaBBBBBBiBBgBB! 

BniSaBaBBBRBRBr.aBBBBBBBBBaBRaBBBBBBBRBa^ 

~BflU.dlBBBBBBBB«aBBBBBBBaBBBBBBgaBBflBBiB 


BBffiBS: 


-BaaBBBBaBBaBaViRBBBBBBBBaBaBBBBBBBBBaBBRBBRBflBI 

BBaBBBBaBBBBBrJBBaBBBBBBBBBBBBBBaBBBBBBBBBBBBBI 

BBBBlBBBBaBBB'JIBBBBBBBBaBBBaflBBflBBBBBBBBBBBflaBI 

aBBBBiaBBBBBB.BBBaBBBBBBBBBBBBBBBBBBBBaBBBBBBBI 


BBBaBBBBBBBBIjBBBBBBBBBBBBBBBBBBBBBBBBflBflBBBflBI 
IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBi! 


■■■■ _ 

BRmBBRBBBBBlIBBiiiaiiBBaiiBiaiiBflBBRflBRBBBBBBl 
BBfSBBBBBBBBlIBBaBBBBBBBBBBBBBBBBBBaaBBBBBBBBBI 
BBBlBBagBBBBJBBBBBBBBBBaBaBBBBBBBBBBflBBBBBBflBB 
^BBBBBBBiBBBBlBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBI 
BBBB BBBBRBBB BBBaBBBBBaaBBaBBBBBBBBBBBBRBBBaBBI 


'RBBB BBBBBBBB BBRBBaBBBBBBBBBBBBaBBBBaBBaBRRBBai 
BBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBI 



< > i I M i M M i 1 M i 1 1 i M M I I M I I I M ’ > ' 


I 1 I I I 1 I 
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It IS ^ve]l-kno^Yn that tho Einstein formula 
Vs~v„t {1+2 otf) 

assumes that (1) tho particles of the colloid aie rigid, (2) the 
numbei of particles is small, (3) the paiticles arc large m 
comparison with the sphere of molecular atti action and (4) 
the particles aie spherical 

Accoiding to Einstein tlie nscosity of any sol will 
depend upon the volume of the dispeised phase only , in 
other words, the question of specificity yi11 not aiise but 
from oui experience e know that the viscositv depends 
upon the natuic of tho sol 

Fiom oui calculations given in the foregoing pages 
it will be deal that the lateial and the vertical forces 
nullify each other when the paiticles aie spheiical In 
other woids, M hen the colloid paiticles aie spheiical the 
inciease in the charge should not affect the surface, 
hydration, and the viscosity of a colloid However, from 
our expeimiental results with numeious sols we observe 
that there is always a change of viscosity with the 
change in the electiic charge on tlie particles Con- 

sequently it appears that the ideal case wheie the 
colloid particles aie spherical, as has been assumed 
by Einstein, is hardly met u itli Hence it follows that 
most colloids are more oi less non-spherical, because 
usually there is a deciease of viscosity of a colloid on in- 
creasing the charge It will be inteiesting to note in this 
connection that substances like vanadium pentoxide, 
gelatin, soaps, etc , which aie known to foim non-spherical 
particles, have liigh viscosity In a lecent communication 
we have shown that ceiic hvdroxide sol prepaied in the 
cold has a high viscosity It will be inteiesting to investi- 
gate whether this sol forms non-spherical paiticles oi not 
In a recent communication* Pieundlich concluded that a 
sol of benzopurpuiin consists of non-spherical particles 

* Colloid Chemistry, Symposium, Vol II, 1925, p 46 
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We ha^e caiefully delermmedthe viscositj^ of this sol but 
0111 expoiimenfal lesidts show that the viscosity is not high 
as coinpaiedto othei sols 

SDJIMARY 

(1) Viscobitj measuromonts hn% e boon oaiuccl on with solb 
of thorium hj’dio'Jide propaicd in tho hot and oold conditions, 
ceiic hjdroxide piepaied in tlie hot condition, tungstic acid, benzo- 
puipurin, md silicic acid piopaiod in tho hot and oold con- 
ditions in jirosenco and in absence of diffeient electrol 3 'tes 

(2) With all the sols theie is a decieaso of Msoosity on the 
addition of small quantities of electrolytes With thorium hydroxide 
sol experimental lesults bhow that there is a greater lowering of 
viscosity in piesenco of thoiinm nitrate than in presence of potas- 
sium iodide, duo to a gi eater increase of charge in case of thorium 
nitrate than in potassium iodide 

(3) Tho viscosity of silicic acid after a slight fall goes on 
increasing up to a maximum limit, then it decreases with increasing 
concentration of the added electrolyte An explanation of this 
peculiar behaMOur has boonadianced 

(4) With gelatin (l%)in piesonce of KOI and BaOl, the 
viscositj goes on increasing vith increasing concentration of the 
eleotroljto, but with NaOH and HOI with increasing concentrations 
of these substances the i isoositj goes on increasing up to a limiting 
value and then it decreases This peculiar behaviour has also been 
explained 

(5) It has been deduced mathematically that when the charge 
on a colloid particle is inoi eased the surface tends to become less 
Along with Ihe deciease in the suiface, tho hydration and viscosity 
also dimmish This deduction has been corroborated by our experi- 
ment with numerous sols 



2INC OXIDE AS A GENERAL SENSITISER 
FOR PHOTOCHEMICAL REACTIONS 

BY 

A K BHATTAOBARYA and N R DHAR 

If a system is not sensitive to* light, it suffices at times 
to add to it a small quantity of anothei substance m ordei 
to make it sensitive to the action of lays absorbed by that 
substance , tins action is known as photochemical sensitisation 
and the substance, which absoibs the light and provokes the 
leaction without appaientfy taking part in it, is called 
a sensitise) 

Theie is a class of photo sensitisation in which a sys- 
tem which IS chemically influenced by ceitain radiations 
IS lendeied sensitive to rays of anothei wave-length by a 
substance which absorbs these lays Sevoial yeais ago 
Weigert (1) showed that ozone which is decomposed by 
ultra-violet rays but not much by visible light is decomposed 
leadily undei the action of blue light when mixed with 
chlonne Sinulaily in a foiegoing papei (2) ve have shown 
that the decomposition of Fehhng’s solution, Cupii- 
ammonium oxalate, Bdei’s imxtuie (HgClJ and (XHJ„ 
(CiO*), a mivtuie of ineicunc chloiide and a taitiate, etc , 
can be maikedly accelerated by feme oi uian>l salts undei 
the influence of sunlight Moreovei, Cosin, Chlorophjll 
and seveial othei substances have been used as sensitiseis 

In a foiegoing papei ve ha^e explained photo sensitisa- 
tion fiom the point of viev of the activation of molecules from 
theFianck-Cairo point of view Foi example, in the sensitisa- 
tion of the decomposition of ozone in presence of chlorine, i\ e 
can assume that by the absorption of blue light, the chlonne 
molecules get activated and such chlorine molecules are 

285 
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instiumental in bunging about the decomposition of ozone 
or the photocliemical combination of 11341 ogen and oxygen 
in sunlight as obscived by Norrish Similaily, by the 
absorption of visible light, a molecule of chloiopliyll is 
activated and this active molecule induces the chemical 
change between carbon dioxide and watei-vapoui in plants 

In this investigation we have cairied on numerous 
experiments vrith seveval photochemical leactions in pre- 
sence of finel} divided /me oxide as a sensitiser We have 
obseivod that zme oxide behaves as a veiy poiverful sensitisei 
for seveial photochemical leactions 

In pievious papers ivo have proved that the velocity of 
sugar imersion in presence of acids is maikedly aoceleiated 
by light and that inversion of cane-sugar takes place in 
sunlight even in the absence of acids We have now 
observed that sugar inveision and hydrolysis of maltose 
can be markedly accolei ated by sunlight in presence of 
zinc oxide as a sensitiser 

The following reactions liaye been found to be sensitised 
by zinc oxide in piesence of sunlight — 

(1) Decomposition of Fehhng’s solution, (2) Decompo- 
sition of Cupi i-ammonium Oxalate, (3) Formation of reducing 
sugars fiom Foimaldeliyde, (4) Foimation of leducing sugars 
from G-lycerol, (5) Oxidation of Methyl 01 Ethyl or Piop3d 
alcohol to the respective aldehyde bj air, (6) Foimation of 
metallic gold from G-old chloride, (7) Foimation of metallic 
platinum from Platimc chloride, (8) Oxidation of Quinine 
Sulphate by Chromic acid,- (9) Oxidation of Potassium Iodide 
by Potassium peisulphate, (10) Oxidation of Sodium Citrate by 
Iodine, (11) Oxidation of Oxalic acid by Iodine, (12) Oxidation 
of Potassium Tartrate by Iodine, (13) Hydrolysis of Maltose, 
(14) Oxidation of Sodium formate by Iodine, (15) Oxidation 
of Iodoform, (16) Oxidation of Potassium Tartrate by 
Bromine, (17) Oxidation of Sodium Nitrite by lodme, 
(18) Oxidation of Hydroxylamme Hydrochloiide by Iodine, 
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(19) Oxidation of Hydiazine Hydrochloride by Iodine, 

(20) Oxidation of Sodium formate by Mercuric chloride, 

(21) Oxidation of Sodium Sulphite by Mei curie chloiide, 

(22) Oxidation of Hydiazine Hydiochloiide by Mercuiic 
chloiide, (23) Oxidation of (NH*)! (C 2 O 4 ) by Mei curie 
chloiide, (24) Oxidation of Potassium Tartiate and 
Meicuric chloride, (25) Oxidation of Sodium Malate and 
Mei cuiic chloride, (26) Oxidation of Potassium citiateand 
Mercuric chloride, (27) Oxidation of Sodium Lactate and 
Mercuiic chloiide, (28) Oxidation of Sodium Dichloi acetate 
and Meicuric chloride, (29) Decomposition of Meicuiic Oxide, 
(30) Decomposition of KMnO„ (31) Decomposition of 
Potassium oxalate 

The following reactions are also sensitized by substances 
othei than ZnO but in all the reactions ZnO is the best 
sensitiser 

(1) Potassium Tartrate and HgCl* — acceleiation by 
Feme and Ferious chloride, KMnO, uranium nitrate and 
AUOs 

(2) Sodium foimate andHgCL — in presence of AI 1 O 3 
and MnOi 

(3) Ammonium Malonate+HgCli — in piesence of 
AI1O3 

(4) Sodium Malate+HgClj — in piesence of AUOs 

(5) Hydiazine Hj'-drochloiide+HgCl, — in piesence 
of AI 3 O 3 and Erythiosin 

The bleaching of a numbei of dyes has been immstigated 
in sunlight in presence of ZnO 

To determine the extinction coefficient the dye was 
kept m a glass cell and placed before a Nutting spectro- 
photometei and the absoiption was read on the density scale 
of the instrument Knowmg the thicknes of the cell, the 
extinction coefficient was calculated by the foi inula 


Extinction coeff.= 


Density Reading 
Thickness 
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Number 

Dyes 

tn 

1 

j Time 
< 

1 

Exbnction CoetT Unexpos- 
ed (Dark! 

Extinction CoefT Exposed 
(Sunlight) 

Extinction CoelT Exposed 
with ZnO (Sunlight) 

Region in A' Uniti 

i~ 

Hr Min 

25 

1 

Aurme 









Do + ZnO 

} 

5680 

1 

0 

1247 

935 

519 

26 

Magenta 

1 


1 






Do 4" ZnO 

} 

0840 

1 

0 

1 818 

1901 

753 

27 

Anihno Red 



1 






Do + ZnO 

} 

6160 

1 1 

0 

2 208 

1091 

1040 

28 

Anilmo Yellow 

1 


t 






Do + ZnO 

} 

5120 

1 1 

0 

2 078 

1974 

312* 

29 * 

Auramino 



1 

1 






Do + ZnO 

} 

4880 j 

1 1 

0 

1*040 

984* 

984* 

30 

MothjI Orange 

1 

i 

1 






Do + ZnO 

} 

5040 1 
1 

1 

0 

2 727* 

CO 

» 

1948 

31 

Purpurm 

1 

I 

1 




1 



Do + ZnO 

} 

ooSD 

1 

0 

1402 

883 

364 

32 

Tropaeolm 

1 







1 

i Do + ZnO 

} 

5560 

1 

0 

779 

727 

519 

33 1 

Aniline Soarlefc 

) 







1 

Do + ZnO 

1 

J 

5720 

1 

0 

1298 

1194 

1091 

34 

Theonmo Gnibbei 

1 








Do ZnO 

f 

5360 

1 

0 

1039 

984 

883 

35 

ThioflaTam 









Do + ZnO 

} 

5360 

1 

0 

4 675 

1 558 

1 039 

36 

Corous Red 









Do + ZnO 

} 

5240 

1 

0 

1091 

678 

623 

37 

Rosaniline 

I 








Do + ZnO 

} 

5240 

] 

0 

1 195 

1 039* 

2 337* 

38 

Aondine Orange 









Do + ZnO 

} 

5360 

1 

0 

2 340 

2 078 

1948 

39 

Aondine Yellow 









Do + ZnO 

1 

5360 

1 

0 

1 299 

1195 

987 

40 

Aesculm 









Do + ZnO 

} 

5360 

1 

0 

649 

597 

416 
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In diffused Jig’lit tlieie was no change in the coloui 
of the dyes with zinc ovide The bleaching of the dyes 
was noticeable m a slioit time when the solutions weie 
exposed to sunlight with zme oxide 

As a geneial behayioui it was found that the dyes which 
absorb light of longei wave-lengths aie nnich accelerated 
in bleaching m sunlight by zme oxide The next in order 
comes the fluoiescent dyes which also absoib light of longei 
Avave-lengths, and lastly aie tlie dyes of led, orange and 
yellow type wluch absoib light of shoiter wave-lengths 
There are only veiy few exceptions to the above 

generalisation which might be due to impurities 

In recent papeis Baui * and co-workeis have investigated 
the sensitising influence of zinc oxide on the photochemical 
decomposition of an aqueous solution of silvei nitrate and 
methylene blue in absence of an 

Inithe case of the decomposition of silver nitrate, Baur and 
Pairet represented the piocess schemetically as follows — 

1 0 Ag NO 3 OH' Peroxide Oxygen 

ZnO \ 

J 0 Ag’ Ag” 

We are of the opinion that this scheme of Banns 
unsatisfactory because theie is no experimental evidence 
in suppoit of the above news, and the decomposition of 
silver nitrate can be easily undei stood from the following 
considerations It is well-known that sols of heavy metals 
like silver, gold, platinum, etc , have a tendency to decompose 
and in presence of light solutions of these salts decompose 
readily In presence of zinc oxide this decomposition 
tendency of silvei nitrate is increased 

We are of opinion that in presence of light the mole- 
cules of zinc oxide absorb the ladiation and become 
activated The activated niolecules of zinc oxide come in 
contact with the molecules of salver nitrate and activate them 


^Helv Chirn Aota 7 , 910 (1924) 
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bj tbe transfeienceof encvgj'from the molecules of 7 Anc oxide 
to tliose of sihei mtiate The decomposition of silver nitrate 
takes place accoiding to the following equation — 

2 AgN 03 +1120=2 Ag+ 2 HN 03 

In addition to the sensitising effect zinc oxide has 
also the function of neutralising the mine acid which is set 
free and thus lielps the decomposition of silvei nitrate 
We have obsened that in piesence of calcium carbonate, 
strontium caibonate, etc , ■which also neutralise the free nitric 
acid, solutions of silvei nitiate appreciably decompose in 
sunlight, but the effect of calcium caibonate, or strontium 
caibonate is not as gieat as zme oxide which also acts as a 
marked photochemical sensitisei 

In a lecent papei Chakravarti and Dhar have shown 
that solutions of dyes aie unstable in piesence of light and 
they can be leadily oxidised or i educed under suitable 
conditions We ha^e shown that in presence of an several 
dye solutions are leadily oxidised in piesence of light and 
in this papei we have shown that this oxidation of dyes is 
markedly acceleiated by zinc oxide Moieovei in the same 
paper Cliakiavaiti and Dhai proved that the solutions 
of dyes also can decompose in presence of strong ultra- 
violet 01 sunlight just as solutions of potassium peiman- 
ganate, potassium pei sulphate oi ammonium nitrite in 
presence of stiong light 

In this papei we have proved that the decomposition 
of potassium peimanganate, potassium persulphate, etc, 
m sunlight is accelerated by zinc oxide 

Baur" has repiesented the photolysis of methylene blue 
in piesence of zinc oxide when an is not piesent in the 
following way — 

ZnO \ ® raethylene blue products of oxidation 
I 0 methylene blue leuoo compounds 


' Faraday Society Discussion, October, 1925, p 629 
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"NYe aie, howevei, of the opmion that these dyes Avhich 
aic unstable substances decompose in sunlight in the 
same Aiay as the solution of potassium peimanganate decom- 
poses in sunlight It is likely that the decomposition of 
dyes can in some cases be compared to the decomposition 
of nitrous acid, hypophosphorous acid, phosphorous acid, etc , 
according to the follow ing equations 

3HNO , = HNO , 2NO + Hj 0 
4H3P03=3H3P0.+PH, 

2H3POs=H,PO,-fPH, 

The photochemical decomposition of nitrogen pentoxide 
has been found by Daniels and Johnston* to be accelerated 
in visible light in presence of nitrogen dioxide We are of 
opinion that nitrogen dioxide acts as a sensitiser in the 
photochemical decomposition of nitrogen pentoxide, just 
as chloune sensitises the photochemical decomposition of 
ozone 

Further ivoik on photosensitisation and photo-inhibition 
IS in progress in these laboiatones 


' J Amer Ohem Soo , i3, 53, 72 (1921) 



ON THE THEORY OF PEPTISATION OF 
METALLIC HYDROXIDES IN PRESENCE 
OF NON-ELETROLYTES 


By 

K 0 SEN, D Sc , 

Chemistry Department, Atlahahad University 

Though, the peptisation of metallic hydroxides and 
salts by ions and electrolytes is geneially known and the 
theoiy underlying the process comparatively well under- 
stood,' the direct peptisation of substances by non-electro- 
lytes IS not known A considerable emphasis has however 
been given to many cases wheie the piesence of non-electro- 
lytes prevents or inhibits the foimation of a visible precipi- 
tate Bancroft* mentions several such Thus a concen- 
trated solution of sugar in water will prevent the precipita- 
tion of calcium silicate,* silver chromate and silver chloride,* 
and of lime and of the hydrous oxides of copper,' uranium 
and iron * Giimaux’' showed that glycerine prevents the 
precipitation of hydrous ferric oxide by caustic potash 
Experiments of similar nature were done by the present 
writer in a previous paper ® A quantitative work in this 
line IS that of Kuhn and Pirsch ’ Thus though many stray 
cases have become known, no progress seems to have been 
made to give a general explanation of the peptisation 

' Of Lotterraoser Jour Prakt (2) Ohem 60, 341 (1903) , 72, 
39 (1905) , Zeit physik ohem , 62, 371 (1908) 

“ W D Bancroft 2nd B A Report on Colloid Ohem , p 2 (1918) 

' Weisberg Bull Soo Ohem Pans (3), lo, 1097 (1896) 

■* Lobry de Bruyn Ber deutsoh Ohem Ges , 35, 3079 (1902) 

^ Graham Jour Ohem Soo , 15, 253 (1862) 

' Riffard Compt rend 77, 1103 (1873) 

’ Oompb rend 98, 1486, 1540 (1884) 

® Kolloid zeit 33, 193 (1923) 

^ KoIIoid zeit (Zsigmondy Festsohr), 36, 310 (1926) 
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observed The obiect of tl\e presont paper is to discuss some 
evpeiimental lesults with n view to the formulation of a 
ponornl theory 

Accoidmg to FieuiKllich,‘ nil adsorption is accom- 
paniod b\ a lo^Yellngof the sm face tension of the adsorbent, 
and BancroU’ Ihcvcfovc considcis that tlie adsorption of 
anj substance mil tend to jieptise a precipitate On this 
vion nc can assume that the non-elcctiolytes winch arc 
adsorbed b\ the colloid pai tides keep them peptised 
owing to then eft’oet on the sui face tension of the solid 
phase That tins effect cannot be the sole cause of peptisa- 
tion IS e^ ident fi oin the fact that a definite amount of acid 
01 alkali IS nocessaiy for poptisation of certain hydi oxides 
as shown in icecnt papeis^ even in piesence of the non- 
electroiytes Ihe expeiiinental lesults mtli non and clno- 
raium hydioxides were gnon m that papei In the follow- 
ing Table I a set of lesults IS shown on the peptisation of 
copper hydroxide in piesence of sucrose 


Table 1 

Total volume = 15 c c 


Amount of Gu milli 
gram atom 
peptised 


Millimoles of sucrose necessary to pi event 
the formation of a precipitate 
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On peptisation, tho solution contaming coppei liydioxide 
IS cleai both m reflected and transniitted light and shows a 
blue colour Fioni Table I it "will be obseived that the amount 
of alkali piesent in the solution has a decided effect on the 
amount of sugai necessni\ lor inhibiting tho foiniation of 
a visible precipitate When the concentration of coppei 
peptised IS low, this effect is not ])iominent because the 
amount of alkali piescnt is in faige evcess in every case 
In the case of liighei concentrations of coppei, however, 
the effect is easilj peiceived Thus when the amount of 
coppei peptised is 0 75 milhgram atoms, then 0 55 milbmole 
of sucrose is sufficient foi the inhibition of the piecipi- 
tation when the amount of alkali is 5 millimoles, whereas 
in presence of 2 millimoles ol alkali, even 8 millimoles of 
sucrose are insufficient for peptisation This shows that a 
minimum evcoss of alkali is neccssaij foi the peptisation of 
coppei hydroxide into a blue sol in presence of non-electro- 
Ijtes like sugai 

These expeiiments suggested that the influence of the 
excess of hydioxyl ions v as consideiable In pievious papeis 
on the tlieoiy of peptisation,* it was shown that in the 
peptisation of feme hydi oxide in piesencc of sugai oi 
glyceiol, the colloid is unstable at the isoelectiic point of 
the solution It wms also stated that with a feinc 
hydioxide colloid, it was easy to get the three states in the 
charge reveisal of a colloid, namely — positively charged 
colloid, coagulation and then a negatively charged colloid 
This would natuially moan that in the negatively charged 
colloid, the stability is due to the adsorbed negative ions 
It would therefoie be difficult to explain the function of 
non-electrolytes wduch help in this peptisation In oidei 
to study the mechanism of this chaige leveisal oi peptisa- 
tion into either a positively cha igcd oi negatively chaiged 
>'Sen” Kolloid zeit , 113 (1925), Jour Phys Ghem 29, 

1533 (1925) 

88 
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sol, some direct ovpcuments have been made The object 
vas to find out nlicthcr theie is any definite range of H. 
01 Oli' ion conccnti ation within ^sducll the colloid is un- 
stable In this paper the cvpeiiments w'lth thicc colloids, 
Ge(OII)„ Fc(OU), and Ci(OH), aic given Tlie choice 
of these substances wms made because of the ease with 
w'lnch all of them can be obtained eithei as positively 
chaigod 01 negativeU chaiged colloids The method of 
eKpeiimenlation wiis piactically the same as gnon in a 
recent paper by Iilehiotia and Sen 


Tabll 11 

Peptisation of Ceious Hydio\ide 

Cerium Chloride =] millrequivalent 
Sucrose = 2 millimoles 
Total Volume = 10 c c 


Amount of NaOH 
added inilli- 
oqun alonts 

Results and Remarks 

1 


0 814 

Solution deal Reaction acid 
posiln 0 

Colloid 

0 888 

Solution dears in a mmuto or two 


0 962 

Immediate pieoipilation 


1036 

Do 


1 no 

Do 


1 184 

Solution slightly turbid Reaction alkaline 

1258 

Solution dear Reaction alkaline 
negative 

Colloid 
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Table III 

Peptisation of Cliromium Hydroxide 

Chiomium chIoride=l milli-equiTaient 
Gr]ycerol = 2 nullimoles. 

Volume =10 c c 


NaOH added 

Results and Remarks 

06 

Solution dear Colloid positive Re- 

action acid 

08 

Solution turbid but clears after some time. 
Reaction acid 

000 

Precipitate 

10 

Reaction neutral Ploooulent precipitate 
wliioh settles down easily 

1 2 

Solution slightly turbid Reaction alkaline 

14 

Solution clear Reaction alkaline Colloid 
negative 


Table IV 

Peptisation of Feme Hydioxide 

Ferric chlonde = 0 5 milli-equmlent 
Grlycerol=l millimole 
Volume=l0 c c 


NaOH added 

Results and Remarks 

0333 

Solution clear Reaction acid Positively 


chaiged colloid 

0 37 

Solution slightly turbid but clears witlim a 


short time 

0444 1 

Solution turbid Does not clear and does hoc 

1 

settle Reaction aoid 
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NaOH added 

Bosulls and Remarks 

0 60 .. 

Plocouleut piecipitnte which settles down rapid- 
h Reaction ncutial 

0 666 

Solution turbid Docs not settlo easily but 
pailiolos can bo distinguished Reaction alka- 
line 

0 620 

Solution turbid ul first, but dears within a 
minute or two Reaction alkaline Colloid 
negatnolj charged 

0 70 j 

1 

Solution oleai Colloid negative 


Tables 11, III and IV show definitely that when an 
exactly equivalent amount of alkali is added to solutions 
of cerium, non oi chromium chloiidcs, a piecipitate is 
foimed even in piesencc of a piotective non-elGctrolyte 
There is a definite range of acid oi alkali concentration 
within which the colloid is unstable, but bejmnd this 
lange, the colloid can be obtained eithei as positively 
chaiged oi negatively chaiged pai tides Thus the range 
within which ceiium hydi oxide is unstable is about 08 to 
1 2 milli-equivalents of caustic soda Vifith feme hydi oxide 

and chromic by dioxide, the langes aie lespectively 0 4 to 
0 6 and 0 8 to 1 2 railh-equivalents of alkali It is to be 
noted that these concentration langes are only foi the 
particular concentrations of the metal ions used These 
results thus point to the following fact In piesence of 
non-electrolytes like sugai or glycerol, colloidal cerium, iron 
and ohromium hydroxides can be obtained eithei as posi- 
tively charged oi negatively charged pai tides depending npon 
the concentration of the added alkali only when theie is a 
minimum excess of eithei acid oi alkali piesent in the 
solution If a minimum excess be not present, then no 
peptisation can be obtained In other woids, non-electiolytes 
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lilce sngai and glycerol do not exert any protective effect 
upon cerium, non and chromium hydroxides in the absence 
of excess of H” oi OH' ions or other easily adsoibahle 
ions 

Mention may be made here of anothei interesting 
fact Accoiding to Wo Pauli, ‘ many proteins exert no 
piotective action on a gold sol which has been freed to the 
greatest possible extent fiom electrolytes Pieundhch* 
theiefoie concludes that a certain content of electrolyte is 
necessary foi the piotective action of many, perhaps of all, 
protective colloids J Loeb^ also found that isoelectric 
gelatine does not protect a collodion sol in the absence 
of electiolytes, but when certain electrolytes are present, 
this protection is observed It is very likely that in 
these cases, a preferential adsorption of some ions by the 
proteins makes them behave like charged colloids, and 
the protection is thus due to an electric film formation ■* 
Consequently the general statement' that the piotective 
action of the so-called piotective colloids and non-elech olytes 
iS dependent Oil the pi esence of easily adsoihable ions m the 
solution, seems to be true 

From a perusal of Tables II, HI, and lY it will be ob- 
served that these experiments are nothing but titrations of the 
metallic chlorides by caustic soda in presence of non-electro- 
lytes The reactions are thus of a similar nature to that 
found by Lotteiinosei ' in the case of silver nitrate and 
potash iodide, Avheie an excess of either reagent would 
facilitate and was necessary for the formation of a colloid, 
but in exactly equivalent proportion, a precipitate would 
lesult, a fact which can be explained on the iievs o 


’ Kolloid zeit 31, 252 (1922) 

“ Kapillarohenise English Trans , p 834 (1926) 
“ Jour Gen Physiol , 5, 479 — 504 (1923) 

* Sen Kolloid zeit i 36, 199 (1925) 


Sen Ibid , p 202 


Loo bit 
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Powis’ icgaidmg tlie ovistence of a ciitical potential 
below ^\lncl) tlic colloid is unstable. Carrying this analogy 
fiuthei, ^^c can say tliat tlic peptisation of inetaiiic hydi ox- 
ides IB an lomc one bice that ot tlic silvei halides and is 
bi ought about b-^ the picfcrenlial adsoiption of the con- 
stituent ions of the colloid, n.iineh Oil' oi the metal ion or 
may be in some cases D.'’ ions, and thus the lole played by 
the non-eleotioh (es must be consideied to be a secondary 
one If this is so, then the question aiises, hoM do the non- 
clecliohtes help in the observed peptisation? It may be 
taken toi gianted that the non-clecti olvtes aie moio or less 
adsoi bed by the metallic livdi oxides This adsorption 'siuU 
thus lowei the suiface tension of the adsorlient Possibly 
the sui face of the adsoibent ^\lll become moie hydiated 
Anothei effect of the adsoiption will lie the inhibition of the 
giowth of the particles either by coalescence or ciystalh- 
eation Thus fioni the experiments of Maic and Wenk,* 
Pickardt* and Padoa and G-aleati,^ we know that the 
adsoiption of a non-electiolyte gieatly decieases the velocity 
of crystallisation It is quite possible that a similar thing 
liappens heio TJie peptisation of the lij dioxide by the ions 
Avill thus be gieatly facilitated Auotliei probable effect 
of the adsoiption of the siigais, though it lacks as j''et 
expel imental confirmation, may be to increase the amount 
of hydioxjd ion adsoiption That the adsoiption of some 
non-electiolytes can increase the amount of adsorption of 
an ion has alieady been sliOAvn in the case of h3'diated 
manganese dioxide and coppei and silver ions in presence 
of suciose and alcohol ’ Whatevei maj' be the real 


I 

a 

5 


Zojfc physik oliein $9, 186 (1915) 
Zeit physik ohem 68, 112 (1910) 
Ibtd , 42, 27 (1902) 


Gazz, ohim ital 83, I, 181 (1904) 

Sen Kolloid zeit , 38, 310 (1926) 

Also compare Abderhalden and Podor 
Pormentroischung, 2, U (1917) , 2, 151, 217 (1918) 
Kolloid zeit, 27, 49 (19^0) 
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eftect of these non-electrolytes, it is clear that they play a 
minoi role than the OH' ions in the peptisahon of metallic 
h}droxidcs investigated in this papei, and it is likely that 
the real peptising agent, at least in the oases of Ce, Fe and 
Or hydroxides, is the OH' ion when alkali is piesent in 
excess, the non-electrolytes influencing the peptisation only 
indirectlj 


SUMMARY 

1 A theoiotioal and experimental study has been made of the 
peptisation of certain metallic hydroxides It has been shown 
that in the case of cerium, non and chromium hydroxides m pre- 
sence of non-electrol> tes, a minimum excess of H° or OH' ions 
IS necessary for peptisation 

2 The conclusion has therefoie been diawn that non- 
eleotrolytes like sugars, glycerol, eto , cannot by themselves 
peptise any metallic hydroxides, but afford a protective effect 
only in presence of electrolytes 

3 A similar fact seems to be true in the case of proteins also, 
namely, their protective effect is only manifested m presence of 
electrolytes 

4 Consequently it is desirable to investigate whether the 
proteins act as pioteolive colloids only when they exist in solution 
as charged colloids owing to the adsorption of ions, and not as 
amphoterio eleotrolyte-free substances 

5 It IS probably possible to make a general statement about 
the nature of the protective effect afforded by the non-electro- 
lytes — The non-electrolytes help the ionic peptisation of the 
metallic hydroxides when they are present in the solution Tlieir 
r61e IS however quite subordinate to that of the ions Their 
effect IS probably on the surf ice of the particles— diminishing the 
surface energy, inoi easing hydration and inhibiting the growth 
of the particles eithei by coalescence or crystallisation The 
electro-kinetic behaviour shown by cerium, non and chromium 
hydroxide colloids in presence of these non-electrolytes compels 
us to believe that their stability is undoubtedly more determined 
by the eleotno double layei existing between the particles and the 
solution than by anything else 
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MATHEMATICS 



A THEOREM CONCERNING ZEROS OF 
AN ANALYTIC FUNCTION 


Br 

P L SRIVASTAVA 

My thanks are due to Prof Gr H Hardy, undei ^\ho8e 
guidance the following theorem in as obtained 

Tkeotem —If 

(0 f (z) IS an analytic function of z—pe"f' in the angle 
\^\<a, wheie 0<a< 

[ii) lim sup 1 =x(^p), 

p -> cc ^ 


wheie K {'P)is hounded foi [f\<a , 


(ill) ■ - — I QQQ „ < _ sm o, ivhei e k = a(0) , 

then f (z) cannot have zeiosatall the points z=0, 1, 2, 3, 

Suppose, if possible, that f (z) has zeros at the specified 
points Now consider the function 


ff iz)= 


sin-i: 


Then’ 

g ('^)=0 {c^<‘ ), 

where L is a constant, uniformly in the angle “ 

Let h (y) be foimed fiom g(z) as is fiom f (z) 

’ See ‘ Note by Mr Hardy,’ P/oc Gainb Phil Soc, Yo\ XX, 
pp 208-209 


307 



308 


THE ALliAHABAI) TINIVERblTY STUDIES 


Then it is olivious that 

h ( ± a) = x( ± tt ) - /i. cos a- r Bill a. 

It lollo^^s, theiofove, from the beautiful memoir of 
Pliiagm^n and Lmdelbf' that 

It (0)<: ^ -/^C0Sa— rSlUa j 

<0, by (ill) 

But cMdently // (0)^0 Thus \m* aie involved m a 

contiadictioii Eeiico f(z} cannot haie zeros at all the 
points 2;=0, 1, 2, 3, 

It fi — ~2 ' then the conclusion of the theorem holds 
undei 111010 geiieial hjpolheses ’ 


' ‘ Sm line ovtonsion d un pnncipe olnssique de I’analyse et 
sur cpiclquos propnetes dos fonolions monogonos dans le loisinage 
d'un point singuher, Acta M.athcmatica,Yo\ 31 , 1908 , pp' 381— 
406 See the theoiom of § 10 

* F Carlson, ' Sui une olasse de set ics de Taylor ,’ Thdse pour 
le doctoral, Upsal, 1914, p 58 Also see G II Hardy, ‘On two 
theorems of P Carlson ind S Wigert,’ Acta Mathematica, Vol 42, 
pp 327 — 339 I lake this oppoitunitj to point out that Hardy's 

Qrst pxoof of Carlson’s theoiom (with a= — • ) is moompletein so far 
as it omits to consider explicitly the case h (6)= — « for Iflt 
< That the hypotheses (I), (2), and f{z) not identically zero are 
not sufficient to ensure the continuity of h (a) for 101 < is shown 

A 

by the fiinotion -yr - ^ - 

In this connection see also M Riesz, ‘Sur le pnnoipe de Phrag- 
men-Lindelof,’ ^Proc Garni Phil Soc , Vol XX, pp 205—207 
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SECTION I 

ENGLISH 



A NOTE ON WORDSWORTH’S METAPHY- 
SICAL SYSTEM 

BY 

S G DUNN, M A , I E S 

It IS salutary for one who would endeavour, as I shall 
endeavour in this note, to “ extract the system ” from the 
poems of Wordswoith, to bear in mind that " the poet 
writes undei one restriction only, namelJ^ the necessity of 
giving immediate pleasure to a human Being possessed of 
that information which may be expected from him, not as 
a lawyer, a physician a maimer an astronomer, or a 
natural philosopher, but as a Man The primaiy value 
of Wordsworth’s poetry is, indeed, the revelation of Joy 
" in widest commonalty spiead ”, — ^it does enable us to 
find, for this uneasy heart of ours, 

“ A nevei-faihng piiuciple of Jot 
A nd pxirest passion ” 

Yet, Wordsworth himself, in dividing into classes the 
readers of poetry, tells us, “ There are many, who having 
been enamoured of this art in their youth, have found 
leisure, after youth was spent, to cultivate general litera- 
ture, in which poetrv has continued to be comprehended 
a stvdy”^ It may be conceded then, to a Professor 
whose function (not alas' exercised in leisure) it is “ to 
cultivate general literature, that he should make a study 
of poetry, especially when he is invited theieto by the poet 
Tor in the Preface to the Eoocui sion (1814:) Wordsworth, 
while renouncing the intention “ foimally to announce a 
svstem,” hopes that “ if he shall succeed in conveying to 
the mmd clear thoughts, lively images and strong feelings, 
the Reader ivill have no difficulty in extracting the system 
for himself ” Let us start with this Preface, for it tells 
us how to proceed in our search for a s ystem 

^ Piefnce to Second Edition of Lyncal BalHds flSOO) 

^ Ests-iv SiippleTnentaiT to Preface (1815) 

fSlil 
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As early as 171)5, Wordsworth had set before him the 
accomplishmeut of a gient philosophical poem, “ On Man, 
On Natv 7 'c, and On Human TAfe” In March, 1798, he 
states, m letters, that he has written “ 1,300 lines of a 
poem in which T contrive to convey most of the knowledge 
of which I am possessed My ob 3 ect is to give pictures of 
Nature, Man and Society Its title will be the 

Rech(<^e, or Fiews of Nature, Man, and Society^’ Some 
of these lines aie embodied in the later Fi elude, others 
appear in the Preface to the ETcuv^ion “ as a kind of 
Prospectwi of the design and scope of the whole Poem 
The following passage outlines Ins scheme his intention is 
to proclaim 

“ ITow oxcuu'^itclv the mdivulxial Mind 

(And ilic pioprcsfeivc powers perhaps no less 
Of the nliolo species) fo the extoinnl World 
Is fitted — and hon o\qnisitelv, too — 

Theme this Imt little henid of among’ men — 

The exleinal Woild is fitted to the Mind , 

And the ciention (hy no lower name 

Can it he called) vhich they nith blended might 

Accomplish — this is onr high aigiiment ” 

In other words, he is to attempt nothing less than a solu- 
tion of the problem which had puzzled the eighteenth 
century Briefly put, that problem is this On the one 
side we have Man in his duality of Mind and body, on the 
other. Nature or the external woild, Mind veisus Matter 
What IS the link, if there is a hnk, between them^ How 
does Man get Ins knowledge, if knowledge it can be called, 
of the external worlds For if there is no link, there can 
be no knowledge, either Mind is Mattel, if we follow Locke 
to his logical conclusions, or Matter is Mind,' if we follow 
Berkeley to his conclusions Crudely summarized, that is 
the problem To a\oid this awkward dilemma, the 
natuial man, that is, the man who mterrogates his own 
feelings and intuitions, his own body and mind,— -and the 
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poet IS the natural man laised to the highest power, — 
Wordsworth, let us say, combines the two, and boldly 
asserts that leality, the woild as we know it, is the cieation 
of both Mind and Mattel , %ve half peiceive and half create, 
there is a “ mutual domination ” and “ interchangeable 
supremacy ” betiveen Mind and Mattel That is the 
position reached bj common sense, but it remains to ]ustify 
it philosophically, and this is what Wtordswoith set out 
to do in the Rechi<ie It was indeed a high argument, an 
epic theme needing the powei of a Dante or a Milton 
Had he that power ^ At first, appaiently, he had no 
misgivings In the glad confident moining of his genius, 
during those days in the West countiy with Coleridge and 
with his sister, he began the task But if the talk of 
Coleridge could inspire, it could also bewilder with doubt- 
ful speculations About the end of 1798 Wordsworth 
began to “ take a review of his own mind, and examine 
how far Nature and Education had qualified him for such 
employment As subsidiary to this prepai ation, he under- 
took to record, in verse, the origin and progiess of his own 
powers, as far as he was acquainted with them 

This preliminary and autobiogi aphical poem was 
completed in the "winter of 1806-7 when it was read to 
Coleridge, but the manuscript, frequently le'vused, remained 
unpublished till the poet’s death when it appeared in 1850 
under the title ol the Pi elude Of this more anon After 
finishing this first part of the great poem, Woidsworth went 
on to the second stage, in which, instead of ” meditation in 
the Author’s own person,” he employs “ the intervention 
of characters speaking and something of a dramatic form 
This, the Excwsion, he published in 1814 In the Preface 
he speaks of it as the intermediate part of Ins poem t e 
Recluse, the first part he has not completed m sue a 
manner as to satisfy his own mind, and the t ir par 
IS not yet an being, he publishes this instalment because 

40 
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“ It does Dot de})end upon the preceding to a degree which 
■smU inatciially inline its o\mi peculiar interest” At the 
same time lie adiises tlie reader that it must be taken in 
relation with (hat hi‘?t part (tlie Prelude), and with his 
othei poems, he eompaies the whole body of his work to 
a “ gothic cluuch the Pj elude is the ante-chapel, the 
E.rcursion the bod^ of the church, the minor poems, as 
he calls them, tho “ little cells, oratories and sepulchral 
recesses, oidinarilj included in those edifices ” 

This comparison is significant of tlie change which 
was happening m Wordswoilh The “ genial sense of 
youth had left liim, and J 03 * ^^as no longer “ its own 
security , he vas beginning to lose his confidence in the 
so\eieignty within ” of “ natural beings in the strength 
Woidswoith wlio had joyously proclaim- 
w nature be youi teachei,’' was turning into the 

VN oidsworth who vrote the Ecclesiastical Sonnets Partly, 

1 was a Joss of “ tJie M<^ionaiy powei which he laments 
m the Immoitahty Ode, partly, it was a deliberate turning 
natural religion of his youth towards the 
Wnra later j-^eais Every student of 

Prnf Q ^1 change It began about 1806 

hi<; I-irni? ® ^conrt dates its begmning from the loss of 

^vs "'’“y ««denoe,” he 

PTSsiomtp? w ^ elsewhere that Wordswoith was 

foTsTe^Vr*"’ a' of h.s 

thonffht Thf point in the poet’s 

dehnitely orthodo'c att,? a poetry to a more 

Garrod ’trices Tw & esif" 

" From about 1806 Cotoidls , ”fT”‘ ‘ 

rTTrV~7~; __g__^fact ceased to be a direct 

’ w® J stilted — 
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formative influence in Wordsworth’s hfe and thought ” 
He refers appositely to the Co 7 n'plmnt written m 1806 
There is a change and I am poor ” The words, he says, 
are truer than Wordsworth meant them to be, or at any 
rate, far wider in their apphcation “He is speaking 
of the affections But he is poorer, not only in the wealth 
of the affections, but in the riches of philosophic thought ” 
The real Wordsworth, the distinctive poet, is the 
Wordsworth of 1798 to 1807, it is to the work done in 
those years that we must go to find what he felt and what 
he thought at his best, his real system It is true that he 
professes in the Excuiston preface to regard that work as 
preparatory to the philosophical poem, even in the 
Excursion itself he is not prepared “ formally to 
announce a system ”, he contemplates a further mstal- 
ment of his “sensations and opinions ”, m that, no doubt, 
he would explain these, correlate them, and elect a theory 
such as he had adumbrated in the lines quoted from the 
Prospectus But the years went on, the “ long and 
laborious Work ” stood still, he does not seem even to 
have started the third part of it, instead, he went back to 
the first and so altered it from time to time that, when at 
last It was published, the “ sensations and opinions ” ex- 
pressed were m many passages different from those actually 
held and expressed in 1806 Fortunately, we are now able 
to read what was written in the early version and compare 
that with the version of 1850, for the first time we have 
before us that autobiographical poem which was read to 
Coleridge The publication of Professor de Sehncourt’s 
edition of the Pi elude in 1926 was made possible 
” thiough the kindness and generosity of the poet s giand- 
son Mr Gordon Wordsworth, the ownei of the manuscripts 
on which It IS based These manuscripts aie described 


^ Pieface to de Selincoiirt’s edition of the Prelude 
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by Piofessor do SclincoiirL, llieic aic “ five almost com- 
plete extant inannscnpls of the Pi chide covering the years 
1805 — 39 as v-cll as soveial notebooks and other manus- 
cripts, which contain drafts of parts of the poem, and 
belong to an caihei period ” In the new edition 
published by the Clarendon Press we have the text of 1850 
Side b\ side witli tlic text of the poem as it was read to 
Coleridge, togctliei witli iinpulihshed fragments which are 
often of the utmost importance In quoting from the 
Prehtcle I shall refer to the early version as A and to the 
1850 version as B 

We have, then, as onr material from which to extract 
a sjsLem, the “ minoi ” or lyrical poems, the Piehide A, 
and the Exctu non , and m using tliese three we can trace 
the changes m thought by icfeience to Pi elude B, smee 
the difiercnccs between piehtdc A and Pi elude B will help 
us to undci stand how the Wordsworth of 1814 came to 
differ as the Evcxnsion shows us he did differ, from the 
W ordsworth of 1 806 


But before pioceeding furtlier it is necessaiy to revert 
01 a moment to the preface to the Excui sion, and examine 
ratbei more closely Wordsworth’s words A study of the 
^nuscripts newly available confirms the view that 
or swoith was extraordinanlv caieful about his words, 

weight, we shall miss his mean- 
it over a word without leahzmg the significance 

changes he made 

L aZr?,T‘ A, II 268 

ihe jamate of tins active Universe 

fchat\e\tlieve?]\t'n to f elsewhere at this period 

Later he was afraid mind 

Pantheism and In. l, ^ Cached too much like 

Md he changed “ Even as ” to “Doth like ” 
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and “ mind ” to “ Mind ” A less caieful -sYriter might 
argue that ” Even as ” can be inteipieted as the equi- 
valent of “like”, but Wordsworth made the change 
He had all the conscientious exactitude of the great artist 
Foi this leason it is worth while at the risk of lepetition 
to look again at the wording of the Pieface There he 
tells us that he is not announcing a system, but trying to 
convey to the mind “ clear thoughts, hvely images and 
strong feelings,” because that course is “ more animat- 
ing ” to him The two essential phrases are, it seems 
to me, “ animating ” — a favourite word of Wordsworth’s 
— and “ conveying to the mind ” If one lemembers his 
habitual process of composition and the theory upon 
which he worked, these phrases aie illuminating 

Poetry, according to Wordsworth, “ is the spontane- 
ous overflow of powerful feelings it takes its origin from 
emotion recollected in tranquillity the emotion is contem- 
plated till, by a specfes of reaction, the tranquillity 
gradually disappears, and an emotion, kindred to that 
which was before the subject of contemplation, is gradual- 
ly produced and does itself actually exist in the mind 
In this mood successful composition generally begins, and 
m a mood similar to this it is cairied on In othei 
words, an object, an event, let us say, of any kind, be 
It physical as the sight of the lainbow in the sky, or spiri- 
tual, as the contemplation of the lonely leech-gatheier, 
produces a powerful emotion, the inward eye — a special 
faculty, distinct, appaiently, from memory,— is able to 
convey this object to the mind aftei the first powerful 
feeling has subsided, the mind, by the contemplation of 
this object presented to it by the inward eye, is roused, 
or ” animated,” to an emotion kindred to that originally 
excited, but purged of the merely transient and associated 
with the permanent and univeisal, in this mood the 


1 Pieface, 1800 
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creative faculty, oi imnginatiou, works, and the poem is 
produced Elsc\\here. Wordsworth lays stress on the 
necessity of this interval for contemplation, he is, eg, 

“ «ot iibt'fl io jnnke 
A pioseut -JON tlio moUci of a >!ong,” 

(Prelude, I 46) 

and if we remembei this, we shall realise the importance 
to him of tlie “ inwaid eye ” which can recall what the 
" visional’} power " has once enabled him to see His 
theory had been anticipated by Akenside who expresses 
m the following lines precisely the same idea . 


' Lot me oucc nioie feel 
Yam iitfluencc, 0 jo Itnid inspiring poiieis, 

And I Mill gunid it \rell , nor shall a thought 
Rise m inv mind, uoi shall a passion moie 
Acioss iin liosom unohsciiod, unstoied 
Bv faithful momoii And then at some 
More actno moment, will I call them foith 
Anew , and jom them in maiestic foims 
And gne them uiteiance in haiuionious stiaius, 

That all mankind shall wondei at yoxii sway ” 

(Insci iphon, VIII) 


The active moment ’’ heie is exactly that mood of 
animation ” which Woidsworth expects to follow “by 
a species of leaction ” on the contemjDlation of the emo- 
tion made possible by the “ faithful memory ” or, as he 
piefers, “ the mwaid eye ” 

H should now be clear what he means by “ animat- 
conveying to the mind ’ His purpose m 

nnpm-^fR great philosophical 

~is f/s n ^ the Excursion and the other poems 

feelings ° thoughts, lively images and strong 

mav wnrh- n accords upon which the imagination 
mis or infiTf ^ organize or animate his feel- 

to his ^ intellectual life, a system, 

his perceptions of truth, to bring the intimations of 
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the heart into i elation with the philosophic mind This 
purpose becomes clearei still in a passage of the Pi elude 

“ I see glimpses now , wlien nge comes on, 

May scaicelj see at all, and I w-onld give, 

"Willie yet we niaj, as fai as woids can gne, 

A substance and a life to wb.it I feel 
I would ensbiine the spint of the past 
Poi futuie lestoiation ” 

{Prehide A, XI 281) 

It IS a pathetic passage indicating, as it does, that even 
when he wrote it, before 1807, he felt the “visionary 
power “ was passing from him, it becomes yet more 
pathetic in the later version which reads, 

“ enshrining. 

Such IS my hope, the spirit of the Past 
For future lestoration ” — 

(Prelude B, XII 284) 
That “ restoration,” in the sense he used the word, was 
not to be, what he intended by it and what he meant by 
“ animation,” is evident from the Pi elude A, II 245 (a 
passage which contains a sigmficant alteration, to which 
reference has already been made, in the later version) 

“ Emphaticallj' such a being lives. 

An inmate of this active univeise. 

From nature largelj' he leceives, nor so 
Is satisfied, but laigely gives again, 

For feeling has to him imparted strength. 

And powerful in all sentiments of grief. 

Of exultation, feai, and joy, his mind. 

Even as an agent of the one great mind. 

Creates, creatoi and receiver both. 

Working but in alliance with the works 
Which it beholds ” — 

The “ restoration ” of which he speaks is the awakening 
of the “ poetic spirit,” that “ shaping spirit of imagina- 
tion,” the loss of which Coleridge deplored in himself, an 
which Wordsworth no less was losing when he wrote those 
lines 
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linougli h,is DOW been said to ‘^how that if "yve •would 
extract a ’ avc must examine the records of his 

experience which Wmdsv/oKh has enshrined for fufcwe 
lestoration Having done this, we nia\ go on to ask ivbat 
kind of explanation AVoulsworlh himself has to olfei, bear- 
ing III mind, howe\er, that the explanation Avas never 
Aioiked out Ip him foimally as lie had intended to "work 
it out in the final lyKdv of the lirchifc, all we have is a 
tentative apjnoaeh to an explanation in some passages of 
the 1 iclvdr and liie JC^rcut ''toa 

The salient fact of Wordsworth s experience is evi- 
ciiti}' his com iction of a life in things, a life which ■’S akiD 
to the life in man, but deejiei, wnder and more intense ' B 
IS Ip contact with this life m things or with Nature, that 
man giow’s in moral stieiigtli and wisdom and leahses his 
uie immoital being At hist this contact is through the 
senses, it is bv Uie g\c and the eni that man becomes aivare 
0 ns i c of Nature, and through the eye and ear — the 
anguage of the sense — that he can listen to the loice of 
atuie and leain from it In the Tjtnes covwosed a few 
nnes aiorc T„Hc„ AUcy. Words, ^orth ,s 

y veil pieaspfl to reco^nifeD 

I nattue and the lanfvanRfe of the 'jpuse, 

Tlif. ° jaircbt tliou8ht<^ the nmse, 

ffnu e, i le guaulian of in\ heart, and soul 

ut all mv raoial being ” 

Therefore, he tell, ,s J 

AikI ineinlo, s jiiid (he ,oo(ls, 

I’lora thi^ behold 

Of e\e oaith of all the might’s noild 

And irhat pereei^^’M^' 

merely ^n^roduces a new element, man is not 

sence ’ ^ 'Creative, he stands in Nature’s pre- 


^ and a cre.twe sonl ” 


(Prelvde A, XI 306) 
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It IS not quite true, it seems to me, to assert as Professor 
G-arrod, for example, asserts, that Wordswoitli is “ a pure 
sensationalist, ’ ’ regarding the senses as the source of truth 
The lines in Tintein Abbey with their emphasis on the eye 
and ear should be lead with passages such as that quoted 
above (Pielude A, II 245) and many others where it is 
unmistakably assumed that reality is the result of an in- 
teraction or 

“ interchaage 

Of action from within and from without, 

The excellence, puie &inrit, and best powei 
Both of the object seen, and eye that sees ” 

iPrehtde A, XII 378) 

Here the “ eye ” means, I suggest, more than the sense, 
it imphes the “ creative soul ” behind the eye To under- 
stand this the account of the ascent of Snowdon and the 
meditation that follows in the last book of the P? elude 
should be read The higher mmds are 

” By sensible impressions not enthrall’d," 

They 

” build up gieatest things 
Fiom least suggestions, ever on the watch, 

Willing to work and to be wiought upon 
That the “ soul ” as well as the " eye ” is concerned m 
this intercourse with the " great world of eye and ear is 
evident from the Ecocu) sion (IV 109) where he recalls 
“ What visionary powers of eve and soul 
In youth were mine ’’ 

The manuscript Y, newly available, also throws hght on 
this matter There Wordsworth sketches, somewhat in 
the same manner as in Tmteiii Abbey, the growth of the 
true feeling for Nature, characteristic of the higher being, 
as distinguished from the mere animal delight of un- 
tutor’d minds ’’ In early days, 

“ everj'duv appeannces, uhich non 
The spmt of thoughtful nonder first pervades, 

Crowd in iind give the mind its needful food 


41 
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Later, “ contiasts strong and harsh ” arc needed to make 
the “ Spirits dance ’’ vivid images and strong sensations 
must be given to lonse (he “ uiitutor’d mind ” to lecogni- 
tion of a hfc be>ond its oini, else, the man is 

his o\\ii jioisoii, seiisi’s faculties, 

CVntie iiiul soul of all ” 

It IS this attitude that Wordsworth scorns in The Poet’s 
lijniajyh, the attitude of the man who relies on the “ meddl- 
ing intellect ’ this niis-shnpes the beauteous forms of 
things because it makes itself the measure of all things and 
does not peiceive the life in them, 

\ iCM ui<!; all Ql)Jce^^ uineinitliTigl}, 

III disconnect lou dead md spuillcss ” 

Hence his quairel in the same book of the Excuision (IV 
987) with 


Pliiloboplieis, c\ho, tboug-h llie huninn soul 
lie of a thousand faculties composed, 

And tn ICC ten thousand mtorests, do yet pnre 
lhi3 soul, and the tianscendcnt universe, 

Iso moio than as a inirroi that reflects 
lo pioud self-love her own mtellig-ence , 

That one, poor, finite ohicct, m the abjss 
Of infinite Beinp-, tu inkling lostlessly ” 


It IS impoitant to get Wordsworth’s distmction be- 
tween this Intellect or secondary power, and the Reason 
or t e minds ecccmsivo power, quite clear, in order to 

co-operate so that we 
a create and half-peiceive Of this secondary power 

ne speaks to Coleridge in the second book of the Pi elude 
(II 215) 


XI u vixuuiuus Slave 

rl tlioii of that false secondary powei 
By winch multiply distinctions, then 
Deem l^at our puni bound mes aie things 

To thee xWfimded hj those formal aiTs, 
The unity k all hath been revealed ” 
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Science, in his belief, "svill be worthy of her name, when 

“ iier dull eye, 

Dxill and inanimate, no nioie sliall bang 
Obained to its object in brute sKveij , 

But taugbt witli patient mteiesl to uatcb 
Tbe processes of things, and serve tbe cause 
Of order and distinctness, not for tbis 
Shall it f 01 get that its most noble use. 

Its most illustrious piovince, must be toiind 
In furnishing cleai guidance, a support 
Not tieacheroiis, to the mind’s ercitrswe powi 
— So build ive up the Being that vre aie. 

Thus deeply drinking in the soul of things, 

We shall he wise perforce ” 

(Excurswii, IV 1254) 


The “ wise passiveness ” in which we can “ feed this mind 
of ours ” IS the passiveness of this secondary power of the 
mind, that othei power, the excursive is wide awake, and 
by it we drink m the soul of things The senses indeed 
are the medium of communication, but it is this power 
of the mind that uses their leport, and it is by this power 
that 

'' sense is made 

Subservient still to monl purposes 
Auxiliar to divine,” 

Hence it comes that 

“ One impulse fiom a vernal wood 
May teach you moie of man. 

Of moral evil and of good, 

Than all the sages can ” 

It does not seem to me, then, quite adequate to desciibe 
Wordsworth as a sensationalist, truth foi him is denved 
from visionary powers, certainly, but visionary powers of 
eye an^ soul 

To revert to MS Y, and the second stage, to which 
the “ untutor’d mind ” of scientists and philosophers does 
not attain 
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“ Ihen w ill conic 

Auotliei •soul •'iirnig-, eonfic ol Ins- being, 

And iliat is A'.ituie As bis powers advance, 
lie IS not like a man uho &ces in tbe heavens 
A blue vault lueith anti a glitttnng cloud, 

One old lamihai pageant, knouii too veil 
To bo regarded ’ 

He takes the “ optic tube of thought,” aud 

“ ITitbout tbe glass of Galileo sees 
What Galileo saw and as it ueic 
Resohing into one gieat facultj 
Of being bodiK eje and spminal need, 

The converse uhieh he holds is hniitless, 

JTot oiih u ith tlie fimiaiocnt of thought. 

But nearei home he lookf- uilh the same eye 
Through the entire alns« of things ” 

In this season of his second birth, 

“ He feels that he his mind hover er great 
In aspiration the unirei&e in vhich 
He Ines is equal to his mind,” 

all that he feels of dignitt in himself, 

” Suhlnmties grave beauts excellence,” 

from ivhich he gathers Iiojie, 

“ There doth he feel its couiiterjnrt the some 
In kind hefoie him outvaidK express’d, 

With difierence that makes the likeness clear ” 

We see now how Nature can teach more than all the sages 
can more effectively than art or lustoiy, for 
“ ’tis not here 

Record of what hath been, is now no more, 

Ko secondarr vork of miimc skill. 

Transcripts that do but mock their archetypes, 

Buf pnmarr and independent life ” 

This explains the exhortation 

” Come forth into the light of things, 
l^et J<atui6 he vour Teacher ” 

This conviction of ” a primary and independent life,” m 
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all about lum was Wordswortli’s earliest and most abiding 
impression We have tbe record of it in many places 
There is that evening on Ullswater when 

“ a huge peak, black and huge, 

As if with volimtaix power instinct 
Upreared its head ” 
and 

“ like a liiing thing. 

Strode aftei me ” 

Theieafter, for weeks, 

” huge and might 3 ’^ fonns that do not live 
Like liTiiig men, moved slowly thiough the mind 
By day, and were a trouble to mj’^ dreams ” 

(Prelude, I 400) 

He dramatizes this expeiience in the Exmcrston where the 
Wandet ei 

” In solitude returning, san the hills 
Grow larger m the daikness,” 

and 

“ While jet a child, and long before his time, 

Had he perceived the presence and the power 
Of greatness, ” 

At Cambridge, 

“ To everj natuial form, lock, fruit or flower, 

Even the loose stones that cover the high-way, 

I ga've a moial life, I saw them feel. 

Or link’d them to some feeling the gieat mass 
Lay bedded in a quickening soul and all 
That I beheld lespired with inward meaning 
Thus much for the one Presence, and the Life 
Of the great whole ” 

(Prelude A, III 130) 

Walt Whitman records a similar feeling, and perhaps he 
was thinlnng of this passage when he wrote, 

” You paths uoin in the inegulai hollows by the road-side * 

I believe vou are latent with unseen existences, 

you are so dear to me ” 
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One Ollier instance must sufTice, the ell~lcnown Blea Tarn 
episode m the Eo^cut (II 691 h which must have been 
in the niiiicl of Shelley when he wiote the similar lines m 
his “ Mont Blanc The two peaks that peer into the 
Solitaiy’s vale and aie his prized companions, seem to be 
the attraction of mute agents at, busy about them as 
thoughts in the niiiid of man They 'vield together a 
harmony though there be no voice, 

“ Ihc cioiuB, 

Tlio ini'?!, the shadows, lighi of golden, suns, 

JCotions of nioonliglit, nil comp thither — touch. 

And Inue in aiiswoi — Ihithci come, imd shopc 
A language not niiwclcomo io sick hearts ” 

Hitherto we have been considering passages that record 
the perception of a life in things oi outward objects How 
does this perception affect the mind, feed if^ How can 
Nature be said to “ teach,” to be the “ nurse the guide, 
the guaidian ’ of the heart and moral being'* 

In the minor poems — those adjuncts of the main edifice 
in which the “ system ’’ is enshrined — Wordsworth 
appears mainly to diaw " lessons ” from, or moralize. 
Nature and natural objects in the manner of eighteenth 
and seventeenth century poets He deduces his “ great 
task of happiness ’ from listening to “ the thousand 
blended notes ” of early spring 

“ To ker fmr woiks did Ifstiire link 
Tlio liiiitian soul tint tliroiigli me lan. 

And iinicli it giieved mv lieart to tlimk 
Wliat nian lias made of man ” 

He IS compelled to think that there is pleasure all round 
him, m the birds, in tlie piimioses, the voice of Nature 
bids him lejoice and he repeats the bidding to liis fellow 
men, take your temper from to-day and tune the measure 
of your souls to love The daisy, the lesser celandine, the 


^ETcvrston published 1814, Ufonf Blanc composed 1816 
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piimiose on the rock have each their message of cheerful 
lesignation, fortitude, peaceful acceptance, the laik soai- 
ing above its nest tells his heart to be true to the kindied 
points of heaven and home, the shouting cuckoo and the 
mountain echo waken the thought of 

“Echoes fiom bejond the ftiave, 

Recognised intelligence ” 

In all these poems Nature may be said rather to stimulate 
the fancy or imagination than diiectly to inspire or 
influence the soul In the Lucy group of poems the direct 
influence of Nature is moie apparent Heie Wordsworth 
is m the hne of Plato , beauty and gi ace in human life may 
grow by silent sympathy with the forms and motions of 
the visible world, nature is both law and impulse, 

“ an ovei seeing power 
To kindle or resti un ” 

In the Excursion we are shown in several passages how 
strength and peace of mind may be gained, or restored, by 
living 

“ Rot Milh the menn ^nc^ inlgar works of Mnn, 

But nith high obicrts, niih endinnig things, 

With life nnd n'ltuie, pniifving thus 
The elements of feeling und of thought, 

And sanctifying, hy such discipline, 

Both pnin and feai, until we iccognise 
A grandeur in the beatings of the heart ” 

{Prelude A, I 408) 

The Wanderer is intended to represent a man who lives 
habitually in this spirit, he roams the countryside 

“ Where hung things, and things inanimate, 

Do speak, at Heaven’s command, to eye and ear, 

And speak to social lesson’s inner sense. 

With inarticulate language ” 

(E VGurston, IV 1205) 

(Note, by the way, here, the words “ at Heaven s com- 
mand ”, they are indicative of the change in Wordsworth 
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at tins date from lus eail} natural piety to more conven- 
tional thcologN ) The effect of tins habitual reference to 
universal or natural staiidaicls as more authentic than the 
narrower human instincts is evident m the Wanderer's 
leaction to the sorrowful stoi'\ of Margaret outside whose 
desolate cottage that story is told At the most affecting 
point he bleaks off and interpose'?, 

" ’Tm iioi^ the houi of deepest noon 
At tins still soa'^on of lepose and peace, 

Tins houi ^\llen all things which are not at rest 
Are cheerful; while this iniiltiliulc of flies 
ith tuneful himi is filling nil the air, 

Wij should a leu he on an old Man’s check? 

Win should wc thus, with an untoward mind. 

And m the weakness of huinanit\, 

From nalmal wisdom tuin our hoaiis away, 

To natural coxnfoit shut our ejes and ears, 

And feeding on disquiet, thus distuib 

The calm of nature with oui lestlcss thoughts^ ” 

(Excursion, I 591) 

And when the tale of suffering is ovei 

MTij then should we read 

The fonns of things with an unworthy eye? 

She sleeps m the calm earth, and peace is here ” 

It is this peace. 


cential feeling oi all happiness, 

'Not as a refuge fiom distress or pain, 

A hreathing-tinie, vacation, or a truce. 

But for its absolute self, a life of peace, 
otabilitt without regret or fear, ” 

which Wordswort^ seeks and believes may be found 
by listening to the iWticulate language of Nature 

+1, t ob3ecte^^and has been ob3ected, against him 

that I^ ordsworth " avWts his ken ” from all those facte 
ot the struggle for existence which would disturb bis belief 

eiffhtpPTi^ir ^ plan \ He was essentially of the 

cen ury m his ^smological optimism, though 
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he broke aAvay fiom its political quietism and could condemn 
with the loudest of the Romantic lefoimers “ the pamc 
dread of change ’ and the “ timid selfishness ” of those 
who regarded society as oigamsed in the best of possible 
ways Not yet had biological reseaich revealed the cruel- 
ties of evolution and the lemorseless indifference of Nature 
“ led m tooth and claw ” Not yet could it be said “ Of 
the Kosmos in the last resoit, science repoits many doubt- 
ful things, and all of them appalling ” 

For Wordsworth still at the end of that century as 
for Addison at its beginnmg 

“ Tile Spacious Fniuaiueiit on Ingli, 

Witli all tlie blue Etbeieal Skj% 

And spangled Ilea'v’ns, a Sbining Fiaine, 

Then gieat Original pioclaim ” 

{Addison) 

Yet Wordsworth would have had an answer to the ob- 
jectors and I am not sure that he has not already given one 
already by anticipation The question of origins, so dis- 
tressing to the inhabitants of Dayton Tennessee, would 
certainly not have given him a moment’s despondency In 
the person of the Solitary {Excuisxon, III 233) we can hear 
him say, 

“ Ij -witliout reluctance, could decline 
Ail act of inquisition whence we rise, 

And w^hat, ■when hieath hath ceased, we may become 
Here aie we, in a bright and bieathing world 
Our origin, what matteis it*' ” 

To those who exclaim, “ Ah* but there’s the lub* It is 
not a bright world *” he would retort, again with the words 

of the Solitary, 

“ I did not lank with those (too dull oi nice. 

For to my judgment such they then appealed, 

Oi too aspiiing, thankless at the best) 
mo, in tins flame of human life, peiceive 
An object wheieiinto then souls are tied 


42 
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In di''(‘ont('nto(l wcdlotlc, noi did e*ei, 

i’loiu ino, those dmk nnpcnunis shadc'^. that hang 

Upon the logiuii wluthci '\c me bound, 

1‘Xclude a ]Hn\ci to cn)o\ the Mtal beams 
Oi piosenf simsLme ” 

In the face of all the cruel elements in Nature, cruel, 
that IS as they ajipear to man with his limited outlook, 
to the furj of the autumn winds and the bursting clouds, 
he affirms, 

“ Yovn desolating swa'v 
Sheds, I exclaimed, no sadness u])OU me, 

And no disoidei m ^om i.igc I hnd, 

"What digniti, nhaf beanij, in tins change 
Fiom mild to angle, and flora sad to gay, 

Alteniate and locoKmg' Hoiv benign, 

IIo^^ iich in animation and delight, 

Hon hoiintiful these elcmentfc — compared 
With awglit, as nioie dcsnable and fair, 

Heiised bv faiic\ foi the golden age ” 

Yes I that is the Wordsworthian answer If this world as 
not alwaj'^s bright, it is breathing, if not kindly, it is 
always animated Accept it, as the animals accept it 

“ With Ivatiue neiei do they nage 
A foolish stiife, Hiei tec 
A hapm vonth, and then old age 
Is beantifid and fiee ” 

Again he anticipates Walt Whitman, just as he anticipates 
Browning in “ the value and significance of flesh,” and 
Meredith in the acceptance of Nature, 

“ Granite the thought to staj 
That she is a thing alne 
To the liMiig, the falling and stiewn ” 

It is to that life of Nature we come ultimately in our 
seaich for the central point of Wordsworth’s philosophy 
Wie have seen how Man has contact with that life thiough 
the co-opeiation of the senses with his soul or excursive 
mind, and how that contact moulds his feelings and 
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strengthens his whole moral being But so fai that life 
has been regarded, even thus, as a life external to his own, 
Imked in some mysteiious way to the human soul, but not, 
in the strict sense, his own In the passages which follow 
we advance to leality as Woidsworth conceives it, the 
transcendence of the senses, the time of ecstasy and umon, 
when 

“ Conimumng with the gloiious luuTeise ” 

man becomes a living soul, his finite existence is one with 
the infinite, is “ possessed ’ by it, or “ swallowed up ” in 
it In this serene and blessed mood, 

“ the bieath of tins coipoieal fiame 
And even the motion of oin human Wood 
Almost suspended, ne aie laid asleep 
111 bodj , and become a living soul 
TVTiilo vith an e^e made quiet by the power 
Of liaimony, and the deep powei of joy, 

We see into the life of things ” 

(Ttntern Alley) 

This passage written in 1798 may be compared with that 
in the Excuision where he transfers to the Wanderer in 
youth his own experience at sunrise on a headland over t e 
sea 

“ Par and wide the clouds were touched, 

And in then silent faces could be read 
Unutterable love Sound needed none, 

Nor anj’’ voice of joy, his spmt diaiik 
The spectacle, sensation, soul, and form, 

All melted into him, they sv allowed up 
His animal being , m them did he live, 

And bv them did he live, they weie his Me 
In such access of mind, in such high horn 
Of visitation from the living God, 

Thought was not, in enjovinent it evpned 

(livrurtwn, I 30 d) 

Elsewhere {Exctiiswn, TV 1140) he compares the ^ 
verse to a shell murmuring mysteiious umon wi i s na i 
sea. 



334 


THK ALLAHABAD TTNIVERSITY STUDIES 


penence^” Wordsivorth is aware of this impossibility of 
full and clear communication 

“ 01 (ieniiis, PowoT, 

Cu'iUion .uid ifsolt 

1 haio l)Coii ^sj)cakni!:>, foi tliciiK'' lins ])oeii 
AVlial pass’d AMtlini jiie 

hut in ihc nunn 

Tl lies lai liiddon fioin (ho icuh of ^^old‘' 

PoiiUs lu^^c ^^o all of US ^\ilhin oui souls, 

AVhcio all stand single, this J fool, and ninlce 
Bicatlnngs foi int onnmnnoable ])o\\ers 
Yet enrh man is a inemoi^ to Ininself, 

And, tlu'icfoie, no^^ that I must q\nt tins theme, 

I mn not heaitloss, foi iheie’s not a man 
That lues ivho liath not had Ins godlike hours. 

And knoM s not uhaf ma]estic swav Me have, 

Ab natmnl heings in the stiength of nature ” 

, {VrehuU A, III 173) 

Opening our memoiies, recalling our experience, we 
acknowledge the truth of his recoid He has expressed 
what all of us in our “ godlike hours,” either in the 
presence of natuie or in meditation withdrawn from all 
outward things, have felt of immediate umon with a life 
greatei than yet including, our own, when the soul seems 
to emerge and takes possession of or swallows up the 
ordinary working self, and we are what^ One 

with natuie, one mth God^ Oi meielv visited bv God, 
or aware of God 

It lies fai hidden fiom the leach of words ” 

How does Wordsworth try to desciibe this expeiience^ 

f5ome of his attempts we have quoted Here aie some 
more 


I have felt 

A presence that distuihs me with the loy 
Of elevated thoughts, a sense siihlinie 
W something fai moie deeply inteifiised. 
Whose dMellino the light of setting suns, 
And the round ocean and the living an, 
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And the blue feki ^ and m the mind of man 
A motion and a spnii, that impels 
All thinking things, all objects of all thought, 

And lolls thiough all things ” 

(Tmteiii Abbey) 

Often quoted as these lines aie they must be quoted again, 
because they contain the lecord which Wordsworth ulti- 
mately chose, as it seems to me, as the basis for the 
metaphysical explanation of his experience, and we shall 
have to return to them But the passages in Piehide A 
are no less significant, only now can we lead them in then 
original form in the latei versions they are modified in 
accordance with the change in Wordsworth’s attitude 

(a) 

“ I was only then 
Contented when with bliss mefiahle 
I felt the sentiment of Being spread 
O’ei all that mo\es, and all that seemeth still, 
for m all things now 
I saw one life, and felt that it was joj ” 

(Prelude A, II 400) 

In the later version this becomes 

“ great the joy I felt, 

Communing in tins soit thiough earth and heaven 
With e^erj foim of cieature, as it looked 
Towards the Uncreated with n countenance 
Of adoiation, vitli in eye of love ” 

(b) “ I look’d foi univeisal things, peiused 
The common countenance of earth and heaven , 

And, turning the mind in mion itself, 

Boied, match’d, expected listen’d, spiead mv thoughts 
And spiead them uitli a widei cieeping, felt 
Incumbencies moie anful, -Msitings 
Of the Upholder of the tiaiiquil Soul, 

UOiich underneath all passion Ines secuie 
A steadfast life ’ 

(Pi elude A, HI HO) 

This seems to describe what I have called above the 
emergence of the soul but m the latei veision Wordswoith 
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sepal ates the Upholder fioin the Soul by continuing fiom 
“ soul ’ thus 

“ That tolciatcs tlip o£ Tune, 

And from the cOntie of J5teiinl\ 

All finite motions o\cuulmg:, Incs 
In glon iinnmtuLle ” 

(Prchulc B, III 121) 

Tlus places God, the Uphoklei, outside the soul instead of 
“ underneath all passion ” and conforms with the con- 
ventional idea of God in his Heaven (the centre of Eter 
nity) controlling the world as the moon sways the tides 

(c) At Cambiidge, 

“ Iliiiili'd, meanwhile, 

as the undei ^onl, lock’d np in such a calm. 

That not <i leaf of the great nature stiir’d ” 

(Prelude A, III 640) 

These hnes do not appear at all in the later veision 

(d) In speaking of the pleasure he derived from the 
“ elements of geometric science ” at Cambridge and his 
attempts to find “ an alliance of those simple, pure pro- 
portions and relations with the frame and Laws of Nature,” 
he goes on 

Tet fiom this souice nioie frequently I diew 
A pleasuie calm and deeper, a still sense 
Of permanent and universal s■wa^ 

And paramount endowment in the mind 
An image not unwoitln of the one 
Suiqiassing Life, wluch out of space and time 
j^oi touched hy welteimgs of passion, is 

the name of God Transcendent peace 
And silence did await upon these thoughts 
That were a frequent comfoit to mj youth ” 

{Prehide A, VI 130) 

Here the Sm passing Life,” ” noi touched by welterings 
of passion” may be compared with the ” Uplioldei of 
the tianquil Soul ’ m (6) In the later version the 
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” paramount endowment m the mind ” is reduced to 
“ paramount belief ” and the “ Surpassing Life ” is 
further removed fiom “ finite natuies ” by the addition 
of the lines, 

“ to tke bouiidaiies ot space' and time, 

Of melancLoIy space and doleful time, 

Supeiioi, and incapable of change” 

The distance between God and Man is widened again 


(e) After desciibiiig the break m the mist during the 
ascent of Snowdon (Piehide A, XIII 67) he tells us 

“ A meditation lose in me that night 
Upon the lonely Moiintaiu when the scene 
Had pass’d awaj*, and it appeal'd to me 
The perfect image of n niightj Mind, 

Of one that feeds upon infinity, 

That IS exalted hj an undeipiesence, 

The sense of God, oi whatsoe’ei is dim 
Oi vast in its own being ” 

In the latei version this “ sense of God ” becomes recog"' 
nitions of transcendent powei,” and the vital conception 
of an undeipiesence ” is eliminated altogethei 

(/) In a MS notebook are some lines which Professor 
de Seliucourt prints in his edition (m the notes, p 512) 
In these Wordsworth refeis to the 


” foims and images 

Which float along our minds, and what we ee 
Of active 01 lecogni/ahle thought, ^ 

and states his belief that these are not “ our being, 

“ Such oousciousness I deem but accidents, 

Helapses fiom the one inteiioi life 
That lives in all things, sacied from e one 
Of that false secoiulaiy powei by which 
In weakness ve cieate distinctions, t 
Believe that all our punv boundaries me th . 
Which we peicene and not wluc ne , 

Di all l.e.ng, l.vo anti soJ. 

Are god, Existing in the migbrf w lo e, 
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As nulisfinguishal'U .>s tlio cloudless Tlnst 
At 110011 IS lioin the cloudless XVcsl, when nil 
Tlie lioniisjdieie is one fcnilean blue ” 

The “ lalse sccoiulai} po^\el " has been incorporated in 
Prelude A. IT 21(5 (quoted above) but the rest of the 
dinft leiuaiiied in hlS 

From all these jiass.iges together and specially from 
the last the mosi explicit of all it is possible to obtain a 
deal Mew of Wordsyoith’s experience, he tells us honestl} 
wliat he felt in hi‘' nioinents of vision oi ecstasy, without 
am thought of the infcrcnceb oi deductions When he 
came to igmcv tin*, expeiieiice and the language he had 
used in dcsciihing it he lealised what mfeiences and 
deductions might incMtablv would be made He was 
not prepaied to hoiioui those conclusions, to acknowdedge 
them as his “ system A s^stom “ in which all beings 
live with god themselves aie god ’ — tliat was Pantheism' 
And Pantheism meant the negation of God as defined by 
cuiient theology and the Chinch 

Such was the pioblem facing Wordsworth as he set 
about his philosophical poem It wms no new one, but 
befoie he had been able to leaie it unsolved m the eager 
composition of his hues expiessing his feeling of joy m 
nature, 


“ ConlGiitecl if he might eniov 
The things which otheis iimleisland ” 

In those happy da^ s of infinite speculation in company with 
the lolatile mmd of Coleridge he had ranged through the 
m’^stic philosophers, and in all of them there was a 
tendency to some form of Pantheism if one examined them 
with logical cnticism Hazlitt {Spirit of the Age, 1825) 
tells us w^hat Colei idge wms leading Hai tier’s “ tribes 
o the mind, his “ vibrations and vibratiuncles and the 
^eat law of association that binds all things in 
mystic cliain Cudworth, Malebianche, the 
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Platonists old and new And what Coleiidge lead, he 
talked about, and what Coleiidge talked about, Words- 
woith brooded on and transformed in his own language 
The two friends were attracted by the root idea of 
Pantheism, the simile of the Aeolian Half is a favourite 
one with both of them at this time In his lines with 
that title (1795) Coleiidge asks 

“ And n’liat if all of animated nature 
Be but organic Harps divcisely fram’d. 

That tiemble into thought, as o’er them sweeps 
Plastic and last, one intellectual biee/e. 

At once the Sold of each and God of all^ ” 

A reminiscence of this occurs in Wordsworth’s account of 
his walk to Racedown in the first book of the Prelude, 

s 

" mv soul 

Did once again niahe tnal of the stiengtli 
Restoied to hei afresh, noi did she want 
Eolian visitations ” 

Again in Rehqions Mimngs (1794) Coleridge addresses, 

“ Contemplant Spirits' Te that hover o’er 
With until ed gare the immeasurable fount 
Ebullient with cieatiae Deitv ' 

And ve of plastic powei, that interfused 
Boll through the grosser and material mass 
In organizing singe' Holies of God' 

(And what if monads of the infinite mind?)” 

How stiangely, yet how characteristically of S T C , that 
metaphysical line is tacked on to the Miltonic apostrophe i 
Wordsworth’s adaptation of Coleridge’s thought may be 
found in the famous passage of Tintein Abbey and again 
in the Prelude A (I 465) wheie instead of “ Contemplant 
Spirits I” he addi esses 

” Te Piesences of Hatine, in the sky 

And on the eaith ' Ye Visions of the hills ' 

And Souls of lonelv places 
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These, haunting him among his bovish .'^poits, 

“ (lul uinUe 

Tho Muiucc oi the \nu\eisnl onith 

■\Vitlv timmph, ai\«l delicht, and hope, and tear 

Work hkc a son " 

Few examples could be found better to illustrate the way 
in which AYordsvoith icproduces and transforms in his 
own more emotional and concrete language the mtellec- 
tual conceptions of Colei idge 

But in finding a way of escape from Pantheism while 
retaining liis conviction of a life in things, a soul divine 
which we participate, Coleridge could not help him 
Those very hues which we have quoted Coleridge brands, 
in the same moment as he iitteis them, as “ shapings of 
the uniegenerate mind,’ and pra}s that 

“ novel guilllecs I sjjeak of him. 

The lucompiehenj-ihlc ' save vrhon ^vllh ave 
I piai^e hull and nUh Pa»th that inlv feelB, ” 

(Acohan Harp ) 

There tvas no help m Coleridge As early as 1802 he had 
lost all his 3 oy in 

“ natine and the language of the sense ” , 

he had come to believe, 

“ vre lecene but what ne give, 

And m oui life alone does Natnie live 
We in oui selves rejoice' 

And thence flows all that charais oi ear oi sight. 

All melodies the echoes of that voice, 

All colours a snftnsion fiom that light^’ 

This would never do for Wordsworth He coUld not re- 
nounce thus 

“ the mightv norld of eve and ear,” 

the active life in nature, that would be fatal to his whole 
faith Yet how to reconcile this faith with the teaching 
of the Church ? When he wrote Ttntern A hbey, the draft 
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of the Piekide and the Ode on Intmatio7is of Inwiortahty 
f 1 0711 Recollections of Eaily Childhood , he had been con- 
cerned merely with expressing his own feeling And he 
had felt — it is clear fiom all the passages quoted — that 
man is, by right of nature and not through any added 
act of grace, a divine being, a participatoi with the whole 
world of nature, animate and inanimate, in the life of 
God It might be shown that such a belief is not contrary 
to the teaching of Chiist, that, indeed it is m accord with 
the most vital of His recoided sayings, such as 
“The Kingdom of God is mflim jon ” 

What aie these if not exhoitations to realise the divinity 
in ourselves and to live habitually in the strength of this 
knowledge ^ However, the question whether Words- 
worth’s early faith is consistent with Chiistiamty as taught 
by Christ is one for the theologians to decide, there is 
no doubt that it was inconsistent mth Christianity as 
taught by the Church of England in the nineteenth century, 
I have little hesitation in saying that it would be repudiated 
as a dangeious heresy by that Church now This was a 
serious consideiation for Wordsworth Eemeniber that 
he claimed to be a teacher, his poetry was to console the 
afflicted, to guide the simple During the years that suc- 
ceeded his first settlement at Grasmere he had oppor- 
tunities of seeing how intimatel}'^ the Church as a national 
institution entered into the common life of the people 
among whom he lived Let us not here loin in the gibe 
that it was the “ respectability ” of the established reli- 
gion, his desire to stand well with the temporalities and 
powers, (his brothei Christopher was moving upward in 
the ecclesiastical hierarchy), that influenced Wordsworth 
and induced him to make those alterations in the MS of 
the Pi elude One has only to read the Exclusion to see 
how his own feeling had changed between 1806 and 1814 
Partly, this change was due, as I have hinted, to his 
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pciception of the social value of the Church, its civilizing 
influence, as well as of the very real comfort afforded by 
it-s dogmas and sacraments to those who accepted and 
used them As an institution it was a substantial part of 
the fabric of national life, its history was inseparable 
from the histoiy of England, as his friend Southey was 
to show in his Booh of the Church (1824) From shore 
to shore the steeple-towers and spues spoke to the 
” thronged abodes of busy men ” and the “ lustic wilds ’ 
alike as symbols of the spiritual world As be thinks of 
them he exclaims, 

“ mav no’ el 

That true '^^u‘ccs‘,^on fad of Fn^yhsli lieaits, 
with ancestral fcclino;, can peiceive 
Whal in those hol> stiuctines \e possess 
Of ornamental in Iciest, and the cliatm 
Of pious sentiment diftnsed nfai. 

And human rhaiit\, and social lose ” 

{Ercvr<iior, YJ 23) 

Partly, there was a change — deterioration, if you will — m 
his inward feeling In the Ode he had lamented how the 
shades of the prison-house begin to close upon the growing 
Boy and the yeais bring the inevitable yoke It is 

“ the most diffieult of tasks to leep 
Heights which the soni is competent to gam ” 

The conviction of “ spiritual sovereignty ” had been 
shaken by the experience of life, till all he can confess m 
1814 is, 

” Man IS of dust ethereal hopes are his ” 

(Excursion, lY 138 — 140) 

The Ode to Duty (1805) leveals the beginning of the 
process which is shown completed in the inscription Neai 
the S2l>^7^■y of the TJeim^tage, 

Trouhled long w^ith w amng notions 
Long impatient of Thv rod, 

T lesign my soul’s emotions 

Unto Thee, myslerious God’ ” (1818) 
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No wondei then that looking back to the diaft Pi elude he 
now found it not completed “ m such a mannei as to 
satisfy his own mind ” His philosophical poem was de- 
signed to show how exqmsitely 'the individual mind is 
fitted to the external world, and how exquisitely, too, the 
external world is fitted to the mind He might claim to 
have shown that by the lecord of his experience in tne 
poems and in the Pi elude but a philosophical poem must 
go furthei and give some metaphysical theory of the con- 
nection The metaphysical basis upon which, apparently, 
he had been building seemed to him, now that he came 
to examine it, too pantheistic in appearance He had to 
find a theory that should account for the existence of a 
real life in nature and in man and the possibility of com- 
plete interaction or communion between them, while pre- 
serving distinct from either the life of God, who should be 
presented as influencing, controlling the life of man and 
nature, imparting, indeed, that life to them, yet — and this 
was the danger-point — ^not as identical with either of them 
He found, I suggest, the clue for which he was look- 
ing in the liistory of the conception of motion He might 
well be led to this by reflection on the language in which 
he had himself attempted to speak of the one great life in 
man and things Is not motion the one attribute of that 
life which appeals most prominently in all the passages 
where he desciibes it, from the simplest lyrical utterance 
to the most impassioned outbursts of mystical fervour ^ 

“ To liei fail woits did Nature link 
The human soul that thiough me ran ”, 

“ Authentic tidings of invisible things. 

Of ebb and flou , and eier-diuing power, 

And central peace, subsisting at the heart 
Of endless agitation ” 

“ The mist, the shacTovrs, light of golden suns, 

Motions of moonlight, all come thither — touch. 
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And lune an answci — tluthei roiuc and shape, 

A Iniigunge 

" And all 

That I beheld icspitctl nitli inwaid meaning” 

“ A motion, and a spint, that impels 

All tlunkuig Hungs, all ol).iects of all thought 
And lolls tluougli all things ” 

Noa\ ^^e laiow from the Pi elude (VI 115, a portion of 
which IS quoted above) that in his undeigraduate days he 
was inteiested in ” geometric science ” and specially 
delighted with 

“ that clem .S'MUhosi>> Inult uj) aloft 

So giatelulK, o\ei\ then \\hon it appeal’d 
No more than O'- a plaything, oi a toi 
lanbodied to the '<enve, not ivhat it is 
111 reiih, m indcpeudent woild 
Created out ot puic Intelligence 

(Prelude A, TI 163) 

Notice the ” even then ’ evidently he came to value this 
“ Synthesis ” moie in latei years The same increase of 
respect may be found m his lefeiences to Newton, the 
greatest figuie in this history of tlie conception of motion 
Words^\orth lias not much to tell us about the intellectual 
influences of Cambiidge but he does mention the effect 
upon his mind of living where “ spiritual men ” had 
moved, and fiist of these spiritual men he mentions 
“ Even the gieat ^yewton’s own elheieal self ” 

That ad3ecti-\e “ etheieal ’ is significant as we shall see 
latei Again he recalls his bedroom in St John’s College 
whence he could see the statue of Newton in the ante- 
chapel of Trinity In the first draft (Pi elude A, III 58) 
the impression was fresh and he gives particular details, 

” And, fiom my Bedroom, 1 m moonlight nights 
Could see, light opposite, o fern jards off. 

The Antechapel, where the Statue stood 
Of Eewton, uitli his Prism and silent Pace ’ 



WORDSWORTH’S METAPHYSICAL SYSTEM 


345 


On levision, in accordance with ins usual piactice he cuts 
out these particular details “ light opposite ” and “ a 
few yards off,” but adds two lines — among the best in the 
whole poem — which indicate, I suggest, that his apprecia- 
tion of Newton had deepened 

” And from mj^ pilloiv, looking foilli bv light 
Of moon or faiouiing stars, I could behold 
The antechapel wheie the statue stood 
Of Newton u ith his prism and silent face, 

The maible index of a mind foi ever 

Voyaging through strange seas of Thought, alone ” 

{Prelude B, III 58) 

In the interval between the draft and the revision 
Wordsworth too had been voyaging through strange seas 
of Thought, and in that vojmge he had found, I believe, 
a chart to steer by in the work of Newton For Newton’s 
problem had been similar to his own Let us briefly sum- 
marize it to show the similarity In the physical 

philosophy of the eighteenth century theie were, roughly 
speaking, two views of the relation of God, the creator, 
to the universe, the creation — Natura naturans and 
Natuxa naturata According to the one view, represented 
by Leibnitz God makes the world and then allows it to run 
as a machine runs The Supreme Being is regarded “ as 
bearing the same relation to the Univeise as a watchmakei 
bears to a watch ” According to the second, represented 
by Descartes and Boyle, God intervenes to keep the machine 
working, or to continue the metaphor, is constantly wind- 
ing up the watch and oiling its parts 

Newton, as a theist and a churchman, deeply interest- 
ed in theological speculations, rejected this conception of 
the Universe as a machine For him the whole universe 
was directly animated bj'’ God present in every part of it 
In the Optics (Query 28) he speaks of God as " a Being 
incorporeal, living, intelligent, omnipresent, who, in 
infinite space, as it were in his Sensoiv, sees the things 
44 
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Uiemsclvos intimately, and thoroughly perceives them and 
comprehends them ■wliolly by their immediate presence to 
himself ” A leccnt wiitcr, Mr A J Snow, from whose 
book on “ Mnilei and Gravity in Newton’s Physical 
Plnlosojyliy ” these exempts fiom Newton’s works are 
taken, sums up Ins position thus “ As man has a 
consciousness winch is Ins Sensoriura of action, so God has 
a soul which is space But as ‘ God needs no particular 
organ to operate ’ as the human soul does, God and His 
dmne Sensoruim are the same, God becomes the ‘ Soul of 
the World,” being immediately substantially present 
everywheie — although Newton tried to guard himself 
against Pantheism ” 

\iniien Newton, at the end of his Pi incipia comes to 
a metaphysical as distinguished from the mathematical 
theorj'- of gravity, he roiects the Cartesian conception of 
Motion as an attribute of matter, — a< mechanistic concep- 
tion at variance mth Ins view of God as " a powerful ever- 
living Agent who being m all places is more able by his 
will to move the Bodies within his boundless uniform 
Sensoiium and theieby to form and leform the Parts of 
the XJmverse ” He puts foiward, instead, the hypothesis 
of an immaterial principle or etheieal spirit (effluvium) as 
the cause of Motion ” Hitherto,” he writes, “ we have 
explained the phenomena of the heavens and of our sea 
by the power of gravity, but have not yet assigned the 
cause of this power This is certain that it must proceed 
from a cause that penetrates to the very centres of the Sun 
and planets without suffeimg the least diminution of its 
forces And now we might add something con- 

cerning a certain most subtile spirit which pervades and 
lies hid in all gross bodies by the force and action of which 
spirit bodies attract cohere Seeing, 

therefore, the variety of motion which we find in the world 
IS always decreasing, there is a necessity of conserving and 
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recruiting it by active Piinciples, such as are the cause 
of Gravity ” Reading the woids of Newton and recalling 
the words of Wordsworth, I am led, not fancifully I trust, 
to the coniecture that when Wordsworth was seeking for 
a metaphysical theory of his perception of the universal 
life as “ a motion and a spirit that impels all thinking 
things, all ob3ects of all thought, and lolls through all 
things,” he found it in Newton Like Newton he rejected 
the watchmaker conception of God , he was aware of a life 
in things, he had felt and seen, like Newton, agam he 
wished to guard himself against the charge of Pantheism 
Is it improbable, therefore, to conjecture that he saw in 
these “ active principles ” of Newton the hypothesis that 
would solve his problem ^ Consider the impressiveness of 
the reference to Newton in the Pi elude, does it not seem 
that there as a special sigmficance in the adjective 
“ ethereal ” applied to him, remimscent of his hypothesis 
of “ ethereal spirits,” the term which he uses elsewhere 
for the ” active principles ” m the passage quoted^ Con- 
sider again the language of that passage, — “ subtile 
spirit,” ” pervades,” " hes hid in all gross bodies ” — is 
it not the very language which Wordsworth uses again 
and agam^ Surely, if he went back to read Newton agam, 
as I believe he did, after writing the draft of the Prelude 
and before writing the Eoccursion, he would find that 
language congenial and the theory it enunciates appro- 
priate to his purpose And he uses that theory, I believe, 
in the one passage in all his work in which he attempts 
to give a formal explanation Elsewhere he is recording, 
as I have re-iterated, his experience, telling us what he 
has seen and felt In the Esocui ‘non he begins the real 
work of his philosophical poem, to explain the relation 
between Man and Nature And there is one passage in 
the Excursion which contains all that he has to give us of 
formal explanation It stands at the beginning of the 
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ftnal (Ol'b) book, and is ovidcnUy intended to be tlie climax 
The vaiymg cliscourbc of the Wandcrei, the Solitary and 
the Pastoi piepnic Ihe war foi it, and the excursion on 
the lake with its coinbiiuition of lie.iutiful sceneiy with 
Imnian incidents provides the setting It is the Wanderer, 
? e , Woidsworth drainatu'cd, who speaks 

" .IS One 

AYiio iioin tiutli's conli.d point seicneK moms 
T ho compass of Ins aiffumout ” 

The 8th book closes with this piepaiation, and the 9th 
opens with the following lines, 

“ ‘ To c^oI\ 1‘^oiiu ol being is assigned,’ 

Tims cilmlj spike the leiieiable Sage, 

An adtic Pnnciplo — lione’ei ieino\od 
IVoin sense nid obseT%ation, it bnhsists 
In all things, in all natuies, m the st.ars 
Of 071110 lieaicn, tho uiientluimg clouds, 

In floMci and tioe, in esen pehhlv stone 
That p.nes the hiooks, the stationaiy locks 
The nioMiig nalers, and the invisible air 
Wliatc'ei exists hath piopeidies that spread 
Beyond itself, communicating good, 

A simple blessing, oi mill evil mixed, 

Spirit that hnons no insulated spot, 

No chasm, no solitude, fiom link to link 
It circulates, the Soul of all the norlds ” 

Both in the language of this passage and in its thought, 
there is evidence, I submit, foi the indebtedness of Words- 
worth to Newton, and this is the only passage in which 
he attempts a philosophical explanation of his behef In 
it he achieves, as far as it could be achieved, the leconcile- 
ment of that belief with orthodoxy The active principle, 
which subsists in all things and circulates from each to 
each IS assigned to every Foim In this way he avoids the 
identification of God with Natnie, while providing an 
explanation of our feeling of participation in the hfe of 
Nature He goes on subsequently to apply this explana- 
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tion to his favouiite theme by showing, as the argument 
piefixed to the book has it, “ How lively this principle is 
in Childhood — Hence the delight in old age of looking back 
upon Childhood ” 

With this explanation the gieat philosophical poem 
comes to an untimely end He must have felt it was 
inadequate, he intended to proceed with his poem, — 
Dorothy’s letteis show that, — but doubtless he realised 
more and more as time went on that his fiist instinct was 
right, he must be contented to enjoy, let others understand 
In attemptmg the great theme he had essayed in his 
plulosophical poem he was setting out on strange seas of 
thought, and he feared the currents might lead him to 
regions still strangei He put back to port ” It is not 
the Author’s intention formally to announce a system” 
His biographeis lecord that Wordsworth had little sense 
of humour, but w'as theie not, perhaps, a smile on his 
austere face when lie penned that conclusion to his preface 
“ the Reader will have no difficulty in extracting the 
system for himself^ ” 



“ SEND TO COVENTRY ” • A NOTE 


BY 

AMAEAKATHA JHA, M A , 

Reader %n English 

There are many phrases in common use, while 
their meaning is clear, their origin is uncertain One of 
such phrases is “ send to Coventry ” It is frequently 
used by many persons who know Coventry only perhaps 
as a centre of bicycle manufacture' Muriay’s New 
Enghsh Dictionary, that monument of mdustiy and 
accuracy, has the following entry under this phrase 

“ To exclude him from the society of which he is 
a member on account of objectionable conduct, 
to refuse to associate or have intercourse with 
him So also ‘ to be in Coventry ’ [The 
origin of the phrase has been the subject of 
numerous ingenious conjectures A prob- 
able suggestion refers to the circumstances 
recorded in quot 1647, a less likely source has 
been suggested in quot 1691 ] 

1647 Clarendon, Hist Reb VI §83 ‘At 
Bromigham a town so generally wicked that it 
had risen upon small parties of the ICing’s, 
and killed or taken them prisoners and sent 
them to Coventry [then strongly held for the 
Parliament] ’ 

1691 J5mste?,inRelig Baxt 1 1 ‘ Thus when I 

was at Coventry the Religious Part of my 
Neighbours at Kidderminster that would fain 
have lived quietly at home, were forced to be 
gone, and to Coventry they came 
361 
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It %m11 be '?een, thus, tluit the earliest reference recorded 
above is m Clarendon, 1G47 The alternative origins 
suggested haicll) seem coinincing During my reading of 
the Intel hides, I came across a passage which probably 
suggests the ical oiigin The passage occurs in the 
InteihuU of John the Evangelist Yuell Counsayle says 
in this to Idelnesse 

" Foj s^^]lc I came lio llochcsto] 

I h.oe ^pentc ill wxmnnge 
B\ out Lathe I ^^^ll no moic goo to Coventn 
Toi tlieic knnvc't set 7ne on llie pi Hon 
And tin one cgges at in\ liede 
So soio that ini nose dyd hledo ” 

On giounds of tipogiaplucal stjde, the British Museum 
Catalogue fixes the date of this at circa 1565, but there 
IS other evidence to suggest that John the Evangelist cannot 
be dated later than 1557 The refeience, so early, to 
Coventry as a town wheie one had eggs thrown at one’s 
head so soie that one’s ‘ nose dyd blede ’ indicates an 
earlier and another origin than those mentioned in the 
E E V It is haidly likely that the reference in the 
passage can be to the Coventiy Cycle of Miiacle Plays or 
to the Coventiy Mysteries, for the speaker, Yuell 
Counsavle goes on to speak boastfully of his -wandeimgs 
ovei 

“ Englande thoiowe and thoroA^e 
Village toA\np cjtie and hoiowe ” 
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THE MUSLIM LAW OF LEGITIMACY AND 
SECTION H2 OF THE INDIAN EVIDENCE 
ACT 

B'i 

Dr MAHOJIED ULLAH IBN S JUNG, M I , LL D , 

])AEEISrLR'Ar-LAW, 

Reader in Law 

The conflict between the principles of the status of 
legitimacy nuclei the Muhammadan lav/ and the piovisions 
of section 112 of the Indian Evidence Act is well-known 
to all lawyers We aie not here conceinod with the merits 
of either of the Muslim law of legitimacy or that of 
section 112, we piopose to examine the correctness of the 
view held by the Allahabad High Court (48 All , p (125, 
1926, Sibt Muhammad o Muhammad Hameed ) “ On 

a question whether a Muhammadan child boin within six 
months of the maiiiage of his parents was to be considered 
legitimate, section 112 of the Indian Evidence Act 1872 
applied and the child was legitimate ” This decision is 
of importance, it is against the fundamental piinciples of 
the Muslim law as administered by the Courts m India 
There is no doubt that section 112 ^ of the Indian Evidence 
Act has intioduced the doctrine of leqitimatio pei subse- 
quent mail xmomnm But this doctrine is not recognised 
by the Muslim law^ Section 112 adopts the period of 


^ Section llS IS o.s follows “ The foct that anv person was 
bom during the contimiance of a aalid nnmage between lus 
mother and any man, or within tno bundled and eighty days aftei 
its dissolution the mothei lemaimng unmained shall be conolusive 
pioof that he is the legitimate son of that man unless it can he 
slioun that the paities to the nianiage had no access to each other 
at any time when he eoii'ld haye been begotten ” 

2 Ameer All Muhammadan Law, toI H, p 234 “ Section 

112 of the Indian Evidence Act embodies the English rule of law 
and cannot bo held to yai 3 ^ oi supersede bj implication the rules 

356 
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biith as distinguished from llie peiiod of conception as a 
deciding factoi in dclci mining legitimacy Tn other words 
a child not concened in lawful wedlock is legitimated by 
subsequent nianiagc IToiicvei, in the Muslim theory of 
liinspnidcnce the question of legitimacv is to be detei mined 
with icfoicncc to the pciiod of conception and not to tlie 
biith of the cliild d'hat is, the issue must be conceived 
in lawful wedlock to lendei it leirilimate 


^cenrdum to the Muslim 
law the fo'lowing conditions 
aic cs'^cntial to establish 
1crrinmitc descent — - 

1 Tiieie must be a laiiful 

mainage, that is '^alnh 
and not hniil (void) and 
in the case of 
man logo the issue is 
also consideicd legiti- 
mate 

2 The child must be boin 

SIX months fiom the 
date of mainage in the 
case of <!alnh mauiaorc 
and m the case of famd 
mainage the peiiod of 


Pci'tion 112 of the Indian 
Evidence Act lays down 
tlie law thus 

It assumes the existence of 
a valid mainage and a 
child born dm ing its con- 
tinuance IS theiefore legi- 
timate e g a child born 
say one day after mar- 
riage is legitimate 


of itiiliamm idan 1 1 ^^ the Muslim law does not reoosnise 

the doctiino of Icgitimafw per ^uhicqvcn'’ matriviomnm 

AlHhdad Khan’s ca<^c, 10 All ji 289 (on page 342) “ No 

such lule IS knoun to the Mithinimadin lau and we should leally 
lie mtioducing doetimos foitign to that s^stem if influenced hy 
the analogies fuinislied h\ the Roman the Fiench or the Scotch 
lau of legitimation, ue ncio to place acknowledgment of paientage 
under tlio Muhammadan law on the same footing as the rule of 
legitimation per sithseqiiens matrimomnm lests on in the foreign 
system'* of law ” 
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SIX months is to be 
1 eckoned f rom nftci 
consiimmntion of mai- 
iiage 

Accoiding to the Shiah 
laM tlie child must be 
born SIX months fiom 
the date of consumma- 
tion of in, image ' 

* I’lic IIoI\ Koi in li (s (lius 
Ilie iiimnmim [ipiinrl of ‘-I'c 
nioiith« 

Itab Konn (Jt.uih t Jfuli.iiii- 

in.ul All, p 802 ni(] p 909) — 

Pail XXI, di XXXI, Verse 

14 “ Aiitl we linvG enioiuecl on. 
Ill in in respect of ius paients — his 
niolhoi beais him with fain<ni<js 
upon fiinling's and his woniiinff 
lakes fwo vcais sasinp:, Bo 
grateful to Me and io both your 
paients to Me is the oventtiil 
coming ’ 

Pul XXVl, ch \LVI, iciso 

15 “ And wc h.iie en]omcd on 
man the doing of good to Ins 
parenls, with lionlde did Ins 
inothei heal him and witli tiouhle 
did she hnng him foilli and the 
he 11 iiig of bun and the w caning 
of him was thiilv months” 


ka, 1»=» xjAhj.j j 

xJLaSj j 

— I XjJl.l I J 

^ ISBNs' x^IkaI*s. 



What IS the cailicst iiahlc ago? T)i Toon (^ilcdical Juiis- 
piudence, p 279) sais “(1) That thcic is no douht but that a 
child hoin it oi nffei the 210th dn of nfpiiiir life ma\ he lenicd, 
and (2) that the ca'ideiicc aftoided hi lecoided cases so stiongly 
snppoits the view that childien hoin as eaily as the 180th. day 
he reaied, that the possibility of this cannot be denied As legards 
the question of vnhihtv hefoic the ISOlli dav it should be notec 
that the validity of the evidence aftoided by cases cited to prove 
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8 The iiatuifil period of j It- limits the pci lod oT gesta 
gestation' is nine to ten ' ' 

in on Ills 

This IS the rule of 8hiali 
la\\ also 

‘1 Absolute non-access is a 
good gioiind foi dis- 
claiming paleinity and 
fuithei b\ thcjnocediue 
of h‘av the husband can 
also disclaim paternity 
of a child boin to liis , 
wife 

If ^^c hold that section 112 supersedes the Muslim 
law some interesting lesults follow Section 112 contem- 
plates marriages into two divisions that is 
1^1(1 Tn'n.nngp”' 01' void, wliilc the Musliin law sub- 

divides niainages into thiee categoiies le, 


tion to 280 days after the 
dissolution of maiiiage so 
as to lender the child 
legitimate 

It considers absolute non- 
access to each othci as the 
only gionnd to establish 
illegitimacy 


c\ib Mabiliij inainl\ dcppjuls on tlip .icctnacy amOi ■alnch ih© 
date of conception is deteniiined ” Di Oiitiepoiit mentions a 
faso m -a Inch a viable child \ras bom 1T5 davs aftei the last 
monsti nation Tlic famous Jaiduie’s case is the reaiing of 
ITd-dav child The period of six months fixed by Miislnn law 
IS after ill not iidiciilous, though it should ho noted that the Eoiaii 
has not exactlj fixed the oailiesl viable age it is infened from 
the ahoie two passages of the Koran, mz , the period of 2 years 
and that of 30 months, on suhtiaction ne get six months Accord- 
ing to the Patav a-Ka7i Khan the months are lechoned uitli refoi- 
ence to the moon, hence the peiiod need not be full 180 days 

ccording to the Code Kapoleon the shortest period is 180 

dai s 

According to Imam Alra Hamfa the maximum peiiod. of 
acs ion IS 2 aeais, this is aiith a new to cmer ahnoimal cases 
llie .Jahki lunsts had fixed 4 aeais hut in Algeria Kii-is ad- 
ministering Mahki law liaae adopted ten months'^ Vide Ameer 
All s Muhammadan Law, vol II, p 224 D’Ohsson, Tableaux 
Cren de 1 Empire Othoman, xol III, pp 102-3 

The Code Kapoleon, Art 312, has fixed 300 days 
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'saJnh (valid), fasid (irregular) and bahl (void) It 
follows thus that the fine distinction maintained m the 
Hanafi system between fasid and haUl marriages 

must cease to exist, and they must be made to fit into two 
categoiies eithei valid oi void Our difficulty is further 
augmented when we come to realise that theie is no defini- 
tion of valid maiiiage given m the Evidence Act 

However it will be granted that in every case the test 
of validity of maiiiage will be detei mined in accoi dance 
with the peisonal law of the parties, that is, in the case 
of the Muslims their peisonal law would be applicable 
Foi instance, no Couit of law would hold a mairiage of 
a person with his own sistei as valid in spite of the cere- 
mony of mairiage, foi it is within the piohibited degree 
A married woman that gave biith to a fully developed child, 
say within a month fiom the date of her marriage, was 
pregnant long previous to her mairiage Accoi ding to 
section 112 such a child is considered legitimate, but foi 
section 112 to apply the mariiage must be a valid marriage 
Hence the question simply resolves itself into a simple 
proposition whether mariiage with a pregnant woman is 
lawful under the Muslim law^ According to the Muslim 
law it IS unlawful to marry a pregnant woman when the 
author of the pregnancy is known, in other words, when 
it IS loiown by whom the woman has been rendered 
enceinte, nobody is to marry her until delivery 

E g , piegnant fioni B And if A manies C, the marriage 
13 void Tlowever a person who has rendered a voman pregnant 
may Inn fully maiTj' hei 


The Fatawa-i-Alamgiri 
says 

It IS unlawful to marry a 
piegnant woman when the 
author of pregnancy is 
Icnown But if a man mar- 
ries a pregnant woman, then 


(5^JLc 
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no cobabilntiOTi i^; ])ermis- - 
sible till delivery TTowevei, 
if the pel son who leiicleied 
hei jnegn.int wcie to many 
her, then ‘^exiial inteicovnse 
IS allo\\e(l 

The hatawa Kari Khaiij 
says A man rnariies aj 
woman and then she gives i 
hnth to a fiill-giown child in ‘ 
less than six months lioni the' 
time of maiiiagc, then ac-' 
coiding to Imam Muhammad 
and Aim Yusuf the maniage 
IS not valid 

Ml Shama Chimin Sircai 


jvCcVJ^ CjUaa Jsl^-el 

Jlj 

^ (X-U 

ohseived “ If a Muham- 


madan should have cainal connection with a woman, get 
hei with child and then maivy hei , the child is not law- 
fully affiliated to him (Sharayn-ul-Tslam ) The Hanafi 
-jurists would howcvei here intiodnce the lule of six months 
and hold that if the child was born after six months from 


mairiage and the man does not proclaim oi say that the 
issue was the lesult of pievious illicit connection, then the 
benefit of doubt will be given to the child and it will be con- 
sideied as a legitimate issue But if the child was boin 
within SIX months fiom the date of maiiiage then without 
any doubt the issue would be consideied illegitimate ^ 

Ml Ameei All has mentioned a very inteiesting case 
on this point 


One Bakhta bin Yahya was mairied to Ahmad bin 

1 Tagoie T^ctmes, 1874, p 273 

Urn ln^.nlably commits zina, who lives 

ilio life of a prostitute, the accepted Mev is that if such a woman 

IS married, then no matrimonial inteicoiiise is allowed till hei next 
p rio o meustiuatioii so as to asceitaiii whethei she was piegnant 
pi 201 to liei luairiage ci not 
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Bay ad on the 14th of April, 1864, thiee months after her 
separation from her first husband Abdul Kadir On the 
^ 9th of July, 1864, she was delivered of a child Tlus 
circumstance came to the knowledge of the Kazi on the 
13th of July He thereupon declared the marriage 

between Ahmad and Bakhta to be dissolved and their 
persons to be foibidden to each other according to the 
Maliki doctrine 

Thus we see that foi section 112 to apply, the validity 
of maiiiage would be determined according to the Muslim 
law, and in the maioiity of these cases mariiages in which 
children were boin within the peiiod of six months from 
the date of maiiiage of their parents would be instances 
of invalid marriages That is, the woman in thdse cases 
was not at that time a fit subiect foi mainage 

Of the writers on Anglo-Muhammadan law, we have 
alieady seen that Ameer Ali holds the opinion that section 
112 cannot be held to supersede the Muslim law Sir 
Boland Wilson is of the same opinion, he says, " The rule 
of the Indian Evidence Act, section 112 is not- 

withstanding its place in the statute book a rule of sub- 
stantive marriage law rather than of evidence, and as 
such has no application to Muhammadans so far as it con- 
flicts with the Muhammadan rule that a child born with- 
in SIX months after the mainage of its parents is not 
legitimate 

Mr D F Mulla however holds the contrary view ^ 
Mr F B Tyabp is not definite on this point The trend 
of his arguments has been throughout in favoui of main- 
taining the Muslim law intact But in his concluding 

^ Muliaminadan Law, vol II, p 395 
2 Anglo-Miiliammadan. Law (Digest) , p 161 
2 Pnnciples of MuliamTindan Law, p 135 Tins is an ele- 
mentarj^ lioolc and Mi Mnlla lias not considered tne eftect of 
upholding section 112 on the general law of marriage an 
inheritance at all 
46 
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remarks the learned author seems to support the contrary 
Yievr In fact there is a serious discrepancy betvreen the 
same passage as printed in the 1st edition and that in the 
2nd edition 

The text in the 2nd edition ^ p 267, is as follows 
“It IS difficult to resist the conclusion that the 
Indian Evidence Act, section 312 was draft- 
ed without giving a thought to a iramevrork 
in which it would have to be set if it is to dis- 
place the Muhammadan law on this pomt 
Bui orei sight can kaidly be a, ground for 
disregarding li^ piocisions ’ 

This itnhcised sentence is thus expressed in the first 
edition” p 179, “It is almost as difficult to 
decide whether this oversight can be a ground 
for disregarding its piovisions' There is a 
vast difference between these two sentences 
It is probable that at the time Sir Eitziames Stephen 
drafted the Indian Evidence Act the !Mushm ]urists of 
India were not consulted as to the -framing of section 112 
It seems to me that section 112 was drafted without giving 
a, thought to the ^Muslim law of legitimacy 

Section 1 of the Indian Evidence Act says that, “ It 
extends to the whole of Bmtish India and applies to all 
iudicial proceedings m or before any Court ” This passage 
itself suggests that its provisions were not intended to 
supersede anv substantive rule of law except those govern- 
ing iudicial proceedings The Muslim law of legitimacy 
IS an integral part of the hluslim law of marriage and 
inheritance This was the new expressed bv the three 
indges m Muhammad Allahdad’s case 10 All, 289 
fl8S83 end discussing the Muslim law of aclmowledgment 
of parentage Mr dustice Straight held “ How I do not 

^ Unnciples of Hxilnmmad'm Law 
® Ibid 
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hesitate to say having very carefully considered the 
language of their Lordships’ judgment that they unhesi- 
tatingly adopt the view that the lules of Muhammadan 
law relating to acknowledgment by a Muhammadan of 
another as his son or daughter as the case may be are rules 
of substantive law 

And in the same case on page 339 Mr Justice 
Mahmud ref ei red thus to section 112 “It may some day be 
a question of great difficulty to determine how far the pro- 
visions of that section are to be taken as tienching upon 
the Muhammadan law of mainage, parentage, legitimacy, 
and inheritance, which department of law under other 
statutory provisions are to be adopted as the rule of deci- 
sion by the Courts in British India Fortunately the diffi- 
culty does not aiise in this case ” We all know that those 
statutory provisions which make it incumbent on the Courts 
m British India to administer the Muslim law are posterior 
in date to the Indian Evidence Act, hence in the case of 
direct conflict the Muliammadan law should be upheld 
It IS a well-established presumption that subsequent enact- 
ment do not override prior ones unless they profess to 
abrogate the previous piovisions 

There is a case leported in the Indian Cases, vol 43, 
p 883 (1917), decided by Mr Stanyon, Judicial Com- 
missioner, Nagpur, in which the learned Judge comes to the 
correct view that “ Neithei paternity nor legitimacy can 
be obtained by adoption and a child begotten by zina, can- 
not be made legitimate by subsequent mairiage of its 
parents before its birth, section 112 of the Indian Evi- 
dence Act being inapplicable to Muhammadans “ This 
IS a reported case prior to the decision of the Allaha- 
bad High Court (48 All p 625), but it was not noticed 
by the Hon Judges ^ 

1 10 All , 289 

2 The learned judges obsei've, on page 628, The question 
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»So far I have not discussed what would be the eftect 
of section 112 on the fasid marriages of the 
Bertiou ii 2 and j^w Wc havc Dotioed that as 

/asici mfvrnages 

regards sahih mainages the rule of six 
months is to apply after the date of marriage, but 
m the case of famd mainages this rule is to apply 
after actual cohabitation The rule operates more 
strictly in the case of famd marriages In the case 
of a fasid raaiiiage iddat and dower becomes obligatory 
only after cohabitation (piior to that it is treated as devoid 
of legal consequences) and the issue of the umon subject 
to the SIX months rule is considcied legitimate 

Nom if section 112 weie to apply to fasid marriages 
also, then the v»ell-recognised distinctions between salnh 
and famd marriages would automatically cease to exist 
This point also came before the Court for the first time m 
a case in 1926 and happily the judges of the Chief Court, 
Lucknow, have decided it correctly (Musammat Kaniza v 
Hasan Ahmad, The Indian Law Reports, Luclcnow Senes 
(1926), Vol I, p 71) 

The Court held that “ Section 112 of the Evidence Act 
cannot be applicable in an^ way to the marriage which is 
neither void ah imtxo, haul nor absolutely void but is fasid, 
i e , iriegular inasmuch as section 112 is based on a divi- 
sion of maiiiage into two categoiies (valid and invahd) 
and cannot be applicable to Muhammadan Law which 
divides marriages into thiee categories, viz , mid ah initio 
(haul), fasid, and valid In any case if section 112 can 
be held apphcable, then the wmrd ‘ valid ’ in that section 
should be construed as ‘ flawless ’ so that the presumption 
would not apply to fasid marriages ” 

Consequently my conclusion is that section 112 of the 
how far section 112 of the Evidence Act is to be taken as over- 
riding the rules of Muhammadan Law does not seem to have been 
determined in any leported decision ” Vide also Hajira Khatun 
V Amina Eiatun, T3 I C , p 982 
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Evidence Act should not be held to apply to sahth and fasid 
mariiages contracted under the Sunni Law 

Let us pioceed to examine the effect of holding that 
section 112 supersedes the Shiah law of legitimacy The 
Shiah jurists divide valid marriages into two 
Section ii 2 i categoiies (1) permanent marriages, (2) 
temporary marriages We know 

that a imita" marriage is radically different 

from permanent marriages, for is contracted for a 

fixed time or period, e g , for a day, month, or for two 
years While a Muslim cannot marry more than four by 
permanent marriages, there is no limit fixed as regards 
mibta' marriages The muta' wife does not inherit at all 
There is no divorce in the muta‘ form of marriage^ 
Neither tla nor Wan is applicable to the muta‘ wife The 
children are legitimate as in the case of permanent union 
If section 112 is considered applicable to the muta‘ 
marriages, then the distinction between permanent and 
temporary marriages ceases to exist in the Shiah law If 
not, then it follows that the Muslim law will apply to 
muta' marriages and section 112 only to permanent mar- 
riages Thus there would be two different rules instead 
of the Muliammadan law of paternity 

In short it cannot be maintained that section 112 
applies either to the Sunni law oi to the Shiah law ^ 

So far we have analysed the application of the 


1 But the niaiiiage could be dissolved by tbe docpiue of tbe 
gift of tbe term 

2 Wbat about tbis peculiai case of tbe Sbiab law cited bj 
Mr Sbama Cbaran Sucar, Tagore Law Lectures, 1874, p 374 
“ If a man should erroneously cohabit (uitb a uoman who is a 
stranger) supposing tbe woman to be bis wife or bis slave and 
she should produce a child, its paientage is established in him 
How IS the case to be determined by section 112 of tbe Indian 
Evidence Act? 
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SIX months’ rule with reference to section 112 of the Evi- 
dence 'Act, we proceed now to discuss the 
bearing of the other provisions of section 112 
on the general Muslim law Section 112 
limits for conclusive presumption the period of gestation 
to 280 days aftei the dissolution of marriage to render the 
child legitimate Now assume the child is born after 285 
days, then under the Evidence Act it is a question of fact 
for the Court to determine whether it is illegitimate accord- 
ing to section 112 but according to the Muslim law of 
legitimacy such a child is undoubtedly legitimate Be- 
cause the Shiah jurists and niajoiity of the Sunm jurists 
hold the maximum period to be ten months, the Code 
Napoleon has also fixed 300 days It is not so easy to de- 
cide how long may human gestation be prolonged Guy ob- 
seives that of 14- authentic cases the mimmum duration 
was 270 days, the maximum 293 and the average 284 days 
According to Wharton and Stille, in 19 cases the duration 
was 280 days, in two cases it was 291 days, and m three 
296 days Dr Lyon discussing the longest period of 
gestation points out that “ it may be regarded as proved 
that this may be 206 days ” 

Most authorities agree in considering that the 
interval may be as long as 44 weeks or 308 days 

Some authorities consider that the interval may 
extend to the forty-sixth week, 315 to 322 days ^ 

Consequently even the natural maximum limit fixed 
by the Shiah jurists that of ten months and accepted by 
many of the Sunni jurists cannot be said to be conclusive 
and the Hanafi juiists m such abnormal cases fall back 
on the dictum of Imam Abu Hanifa that the birth must 
take place vnthin 2 years aftei dissolution or divorce of the 
woman Howevei, from tins we cannot argue that the 


i Medical Junspnidence, p 277 

See also Tayloi’s Medical Jimsprudence, p 60 
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great Imam has fixed 2 years as the longest period of gesta- 
tion because this rule is to be read together mth the provi- 
sion that while observing the period of iddat the woman 
must declare that she is piegnant This fact is to be de- 
cided within the peiiod of iddat And if after declaiation 
the woman were to continue enceinte and exceed the 
natural maximum limit of gestation, the case would then 
be fuUy covered by the 2 years’ rule of Imam Abu Hanifa 
Here are two instructive cases from the Fatawa Kazi 
Khan 


A woman says during the 
iddat for the death (of her 
husband) " I am not preg- 
nant ” and then says (during 
the iddat) the day after “ I 
am piegnapt”, her latter 
word shall be accepted (and 
her iddat which in the event 
of her not being pregnant 
would have been four months 
and ten days will now extend 
to the period of delivery) 
But if she says after foui 
months and ten days (which 
IS the period of iddat for 
death) “ I am not preg- 
nant ” and and then says 
“ I am pregnant ” then her 
latter word shall not be ac- 
cepted (to establish her con- 
ception l^rom the husband) 
except when she gives birth 
to the child at less than six 
months fiom the date of the 
death of her husband and 
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then (that is, in the event of 
her giving birth as aforesaid) 
hei birth shall be accepted 
(that IS, the conception shall 
be regarded as from the hus- 
band) and her admission re- 
garding the expiry of the 
iddat (involved in her expres- 
sion that she was not preg- 
nant made as above) shall be 
void (and the parentage of 
the child shall be establish- 
ed in her husband) ^ 

" A woman has been di- 
voiced by her husband thrice 
and she is an Ayisa (or a 
woman whose monthly course 
has ceased) , she then after a 
few months gives information 
(that IS, expresses herself be- 
fore the people) that her 
iddat which was reckoned 
with reference to months has 
expired, she then gives birth 
to a child (at more than two 
years from the divorce) Aboo 
Yusoof on whom be peace 
says her iddat shall expire by 
the birth of the child and the 
child shall not belong to the 
husband except when he 
claims the child.^ 


LIj sfyi) 

X«ol 

y}\j Lg_5 cX* 


^ Moulvi Mahomed Yusoof, Tagoie Ijavr Lectures 
Vol 11, p 136 
2 Ibid , p 135 
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The lule of iion-accebs is recognised by the Indian Evi- 

tlb rule oi recognised by the Mus- 

non-aeorsB, of lim Uuv Section 112 does not in terms refei 

Section ItJ and , 

the Muslim to the pieMiinption being lebutted if the 
husband be impotent ITowevei access means 
sexual intercourse and it is negatived by the fact that the 
husband Avas impotent 

It IS the rule of the English law that the declaration 
of a fathei oi mothei cannot be admitted to bastardize the 
issue bom aftei maiiiage^ 

In a lecent case Warien o Waiien (1925) Piobate, 
Divoice and Admiialty Division, p 107, the Court held 
that "A^wnfe’s admission that she had committed 
adulteiy even if accompanied by a statement of her belief 
that a child subsequently bom ivas the result of the adul- 
tery, cannot bastardize the child without evidence of the 
non-access of the husband ’ Both these rules are inapplic- 
able, foi the Muslim Ioaa gives an absolute poAvei to the 
husband in those cases Avheie it is difficult to establish non- 
access to disclaim the paternity of the child born in accord- 
ance Avith the piocedure of /?‘on If section 112 is held to 
supersede the Muslim laiv then the pioceduie of 
/ 7 V/ 7 ? must cease to exist “ fA'an,” saj's BaiUie “ are 
testimonies confirmed by oaths on both sides lefeiimg to 
a curse on the pait of the man Avhich is a substitute for 
the hvdd-ool-huzf 01 specific punishment for scandal, and 
foi gJmziib 01 A\rath on the pait of the woman ivlnch m 
a substitute for the Inidd-ooz-zina 01 specific punishment 
for adultery When the husband accuses his lAufe of 
adulteiy and when both have lecipiocally made b wn then 
the husband has the option of divorcing his ivife If he 
lefuses then the Couit must dissolve the inairiage The 


1 Goochiglit’s case pei Loid Mansfield 
^ Digest of Mvhammadaii Lan , p 335 
4T 
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cilecl oi It an is that the paleinit-y of the child born to the 
wiie IS not established 

h g , A coiisuniinated liis uiamage with 13 B w'lthiu A & knowledge 
has committed adultei^ and issue is bom to them 
i’he child’s putciiutj is established in A, but he can disolaiTu 
it by h‘an 

iStiictlj speaking the pioceduie of ii'aii is inapplicable in 
British India, unless the Couit takes advantage ol the 
Oaths Act A oi Id/J iloivevei the Allahabad High 
Court has recognised the law of it ‘ati and held that 
‘ A Muhammadan u lie is entitled to bring a suit 
foi divorce against liei husband and to obtain a decree for 
dissolution oi mairiage on the ground that the latter has 
falsel} charged hei uith adulteiy ' 

It IS a peculiarity oi the Muslim iau that it permits 
the husband to disclaim a chilci born to him irom a wife 
lau fully man red As a matter of fact 

leguimacr legitimacy as understood by the Muslim 
jurists stands on a diiieient footing to the 
conception of legitimacy under the English law or to that 
m section 112 of the Indian Evidence Act According to 
the English lav legitimacy attaches to the child, it fixes 
Its lelationship with both its parents Wheieas the 
Muslim law speaks ol the xelatioiiship and of two distinct 
lelationships, viz, paternity and maternity 

Under the Sunni Lau there is no such thing as an 
absolute illegitimate child, that is, a child is always 
legitimate to its mother In other words the so-called 
illegitimate child always inherits fiom the mother 

According to the English law the child of an unmar- 
ried woman is alw^ays a bastard, but under the Muslim law^ 
maternity cannot be disclaimed, whereas paternity^ admits 


^ A Ij J E , Vol X.A II, (8 Zafar Husain i TJmmat-ui- 
Rahman, also 41 All , p 2T8 Vtde a lecent case wheie the law 
of Wan, IB hiscussed Kahima Bihi ^ Razil 48 All -n 884 
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of the possibihtj of being disclaimed When the father 
has disclaimed a child, it does not aftect its light of in- 
heriting from its mothei This novel conception hnds no 
place in the laM's of mariiage of any other legal system 
Acknowledgment of paternity and the disclaimer of 
parentage are both fully recognised by the Muslim law ^ 
As regards acknowledgment ot paternity, the Muslim 
jurists maintain that the oftspiing of illicit intercourse 
cannot be aclcnow lodged This view has 'been lecognised 
by the Privy Council and by the Indian High Courts^ 
Thus in no case can an illegitimate child benefit from his 
alleged putative fathei 

The kluslim laiv insists on the puiity of conception — 
a child must be conceived in lawful wedlock All bond fide 
cases of error or doubt, that is, all mainages contracted 
m ignoiance of the fact that the woman was prohibited 
are instances of fcisid marriages and the issue is accord- 
ingly legitimate, hence it can be said that to this extent 
the Muslim law disfavours bastardizing children But it 
goes no further A child if it is the result of fornication, 
adultery, incest, or of any desciiption of illicit union is 
held illegitimate to his natuial father but legitimate to his 
natural mother 

Pmally, if section 112 is held to supersede the Mushm 
law of legitimacy, then it will affect not only the relation- 

i However the right of disavow-vl is a “ terminable right ” 
As regards fixing the time legard is lo he had to custom Imam 
Ahu Yusuf and Muliammad have fixed 40 dajs after the birth oi 
the child , if the husband is on the spot during his vvi e s co e 
ment tlien -week^s time is allowed by some o e ana 

jurists and the MaliLi allow only tno days The Shiah jur s 


allow 40 days 

2 10 All , p 289, pel Mahmud, J “A child whose J' 
macy is proved beyond doubt bj reason of the marriage 
parents being dispioved or found to be unlaw u , canno 
legitimatised by acknowledgment ” 
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bhi]) of the child with liis father but with other mem- 
bers of a family also After all it may be granted that a 
natuial fathci' should support his issue irrespective of the 
fact that it is illegitimate or legitimate But why should 
othei membeis of a family be forced to admit a stiangei 
socially condemned as their piospective heir, for the Mus- 
lim law of inheritance admits of minute division of pro- 
pel ty into shares and those sharers again have reciprocal 
rights of inliei itance ^niei <fe undei certain contingencies 
well known to lawyers ^ 

In short the effect of the decision in 48 All (p 625) 
would be serious if followed by the other Indian High 
Courts 
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PREFACE 

• 

Whoevei has made an impaitial survey of the present 
state of eorapaiative philosophy must have been struck by 
its apparent lack of centiaht"^ A confusing mass of 
inter pi etalions none of which has tlie lemotest chance of 
being leconciled inth the lest, is made all the more per- 
plexing bv attempts often veil ingeniou<? and flattering, 
to infuse the spnit of the latest systems of European 
philosophy into the old bodv of Indian metaphysics The 
ob3ect of the compaiative study in pinlosophv, we believe, 
is to discover the dialectic movements of universal 
thought, but this will iema.in a far-off dream or a mere 
pious wish till the diffeient interpretations are dragged 
out of their subiectiv'^ seclusion in the en]oyment of an 
oracular piestisre into the region of objective criticism 
Wliat is wanted is a spirit of co-operation, and it as this 
spirit of co-operation which the following hnes are 
primarily designed to fostei But it is a singular mis- 
fortune of the student of philosophj’- that he can seldom 
co-operate ■'Vith another without opposing the latter’s 
views and in Ins speculative adventuies in the region of 
Truth , he has often to put on the appearance of a dictator 
in spite of his real attitude being that of a humble enquirer 
Hence it is necessarv to remn-rk that opposition in the 
domain of philosophy is not a sign of disrespect, on the 
contiary it is in certain cases the highest tribute to the 
speculative profundity of the opposed views 

376 
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INTRODUCTION 

Of the many disadvantages which a modern exponent 
of an ancient system of thought has of necessity to 
encounter, tliere is perhaps none more sub- 
veisive and ruinous than the tendency to get 
mtho'oompm^a- oiicself entangled in the meshes of ideas 
u-iomefiiod oiigiuating froiu an entirely different type 
of thought and having implications that 
become altogether misleading vhen divorced from their 
historic context It not onlv stands m the way of a full 
appreciation of what is unique and instructive in the old 
speculation, but it leads to more disastrous consequences, 
especially when the exposition pioceeds on a comparative 
basis Failing to accentuate those points in it which con- 
stitute its real stiength the immediate task of the 
interpretei lednces itself to finding a means of establishing 
its speculative claims at any cost Fai -fetched explana- 
tions, twistings and strainings are the inevitable lesiilts of 
such a piocedure Pioblems of philosophy it is important 
to realise aie mtimatelv connected -with the spirit of the 
age and the intellectual ti edition of a nation This is 
tiue not onlv of the problems, it equally holds good of the 
nature of the methods employed and of the diiections in 
which intellectual satisfaction is sought This circum- 
stance however, does not render the comparative method 
futile m the domain of philosophy nor does it militate 
against the essential identity of dialectical processes in 
different worlds of thought It only indicates the abuses 
to which the comparative method is liable, n,iid thus makes 
the task of the modern interpreter infinitely more difficult 
in this field than in other departments of enquiry 

The source of the difficulties is perhaps to be traced 
ultimately to the laws of development with which 
biological investigations have made ns familiar The 
principles of differentiation and integration which underlie 
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tlie giO'VN^th of oigamc life and wli’ch liavo Jiglited Llie paths 
of investigations in the fields of psychology, sociology and 
many othei allied sciences, have a very irapoitant bearing 
on the present subiect Oui concepts, those intellectual 
moulds with wliicli we have inevitabl} to work in philo- 
sophy, grow in definiteness and fixity with the piogress of 
speculative eftoits to solve ceitain problems And in the 
intellectual stiuggle that is born out of these efforts only 
those concepts suivive which prove most efficient in re- 
conciling the conflicting demands of the age Hence the 
danger of reading an old thinker in terms of the new The 
external wrappings of a concept may continue' unchanged 
long after its life has completely disappeaied The word 
' idea ' IS a case in ]ioint This term, as is well-known, 
though used by a long succession of thinkers, has still re- 
mained one of the most ambiguous in philosophy, the 
aichetypal essence of phenomenal things, the Platonic 
meaning of the teim, has veiy little in common with its 
modem meaning as phenomenon Anothei important 
consequence of these intellectual stiuggles is to destroy the 
elasticity of the concepts by intioducing shaipei distinc- 
tions and more rigid niceties into their contents Much 
of the obscurity which we find present in the previous 
systems of thought aiises fiom the comparatively high 
differentiations of the conceptual organism which we bring 
to bear on their simple homogeneity Spirit, matter, 
content, reason and many other concepts which are most 
in use in the philosophical speculations of oui time are, 
by reason of the very preciseness of meaning which makes 
them valuable instruments in the hands of the modern 
critic, likely to lead to confusion of issues when pressed 
into the service of an mterpretei of Greek philosophv 
The entirel}'’ different interpretations which it has been pos- 
sible to put, for instance, on the teachings of Parmenides 
are mainly due to the gulf which separates the modern 
48 
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notion of pure being from the Eleatic conception of being, 
the confusion arises from the attempts at further determin- 
ation, in the light of modern thought, of what was homo- 
geneous and little difterentiated by the original thinkers 
To define it as the ‘ full the mass that fills space, is to 
introduce an amount of determinateness into the notion 


of being which is too much for its simplicity Hence the 
monism of Parmenides and Heiaclitus has been very aptly 
compaied to the block of marble which may be formed into 
a basin or a Jupitei In the absence of sharp distinctions 
m the Greek conceptions of spirit and matter, our modern 
notions with their highly diffeientiated contents are hardly 
enlightening when used foi labelling the earlier specula- 
tions The inadequacy of such teims as materialism and 
spiiitualism to be fit titles for the pre-Socratic thoughts is 
evident from the fact that'even the Aiistotelian conception 
of soul has none of those associations which it has come to 
possess for us through the progressively refined discussions 
of later ages After the Cartesian opposition of the extend- 
ed to the thinlcing substance, it is no moie possible for the 
mo ern thinker to identify the physiological conception of 
unchon with the psychological conception of mind 

These difficulties, we must insist at the risk of repeti- 
lon, o not make comparative study a mere pious wish 

How to ro- metaphysical thinking They 

move them ’ Signify the dangers of isolating the funda- 
mental conceptions of a philosophy from their 
proper settmg It is then important to malce sure, before 
we could hope to achieve anything of abiding speculative 
interest by drawing together two different expressions of 

of mterpretmg one system ,n terms borrowed from the 

Sro^mlLamir Thl rpoXfjf 7^”^' ‘I 

hardV be exaggerated when ^pir ^ Z 
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simply separated by a long interval of continued and pro- 
gressively definite attempts at solving the world problems, 
but they belong to two entirely different intellectual tradi- 
tions which ran their courses without mutual influence on 
each other If then we want to profit by thinking modern 
problems of European philosophy in Indian terms without 
misrepresentation of either and yet with a considerable 
clarification of both methods of thought, we must give up 
the practice of finding Kant and Hegel, for instance, in 
the Upamshads, these are misrepresentations which do not 
clanf}’’ but confound problems No one possessing a really 
unprejudiced insight into Indian philosophy will deny that 
there is an ample supply of valuable dialectical weapons 
in the armoury of the ancient Indian schools and that they 
are as good for offence and defence m the battles of modern 
philosophy as they were when they were first forged But 
no intellectual victory can be won by their indiscriminate 
use The problems of epistemology and the methods of 
proof which came to prominence with Kant and Hegel, 
were evolved under the pressure of circumstances i adically 
different from any that could exist in India, and conse- 
quently we should be doing mjustice to the speculative 
integrity of Indian philosophy if we had to expect from it 
satisfactory answers to even such problems of philosophy 
as, in the absence of similar conditions, could hardly 
engage the attention of the ancient thinlcers 

This IS not sufficiently realised by some of those who 
are otherwise doing inestimable service to the cause of 
national culture by rousing the curiosity and 
p^nson”^ of the present generation in one of 

the oldest types of speculative efforts to 
decipher the mysteries of existence The tendencies of 
modern comparative philosophy appear to be to bring 
Indian philosophy so close to its western namesake that 
they may be shown to have entered the same compartment 
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Uiroiigli exacUj the same gateway Thus, for instance, 
there is a peisistent tencleucy in some of the modern inter- 
jiretatious of the A^edantic system to read into it all the 
problems and philosophic methods which have ever been 
present m the speculations of modern Europe, specially on 
the monistic hues This is nothing unnatural For, the 
type of absolutism repicscntcd in the Vedantio 'thought is 
geneially supposed to be analogous to the abstract panthe- 
ism of the west and this fell into disrepute o.vmg mainl} to 
the massive influence the Hegelian philosophy commanded 
over the philosophical world of the nineteenth century 
And theie is no doubt that if the Hegelian contentions 
against abstract imiveisahsni be right, the Vedantic posi- 
tion will sustain an irreparable loss till it can be interpreted 
on other than the traditional lines This is perhaps the 
reason why those who convinced of the finality of 
Hegelianism tuin tlieir gaze towards the native thought, 
have to begin by disclaiming its relation to abstract 
umversahsm and vindicate its affinities with what has been 
called higliei pantheism This nervousness, we are per- 
suaded to believe, is altogether gratuitous, firstly because 
the finality of the so-called higher pantheism has been at 
least as often denied as asserted In view of the fates 
which have been overtaking the metaphysical -theories in 
the west during the last two thousand and five hundred 
j'^ears, the claims of finality in a leasoned system of thought 
can show nothing better than enthusiasm Secondly, even 
supposing that philosophic wisdom reached the height of 
perfection in the German philosophei , we certainly deprive 
ourselves "bf the poiver of appreciating much that is valu- 
able in the native lore by loolang upon it as a briefer edi- 
tion of Hegehs worlcs An attempt is therefore made here to 
bring together those features in occidental absolutism and 
Vedantism which have provided such alluring analogies 
between these two discontinuous streams of thought 
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- ORIGIN OF KNOWLEDGE 

We may peiliaps convemently begin the enquiry by 
distinguishing the problems of knowledge fiom the world- 
views which follow from their epistemological conclusions 
The charge of dogmatism i^liich has frequently, and 
perhaps not unjustly when judged from the standpoint of 
the western conception of philosophy, been brought against 
Indian philosophy in genei al cannot be adequately met by 
pointing out that “ most of the systems of philosophy in 
India discuss the problems of knowledge, its origin and 
validity, as a prehmiiiary to the study of other problems ’ ^ 
A philosophy, in spite ot its ciitical intentions, may be 
highly dogmatic in so fai as it depends for its final view 
of Reality on a source of knowledge which is' supposed to 
be superior to and even subversive of, the oidinaiily 
recognised methods of acquiring knowledge The appeal 
to the Vedas as the ultimate authority sitting^in judgment 
’upon the lesults of perception, reasoning and every other 
source of- human knowledge, as is well known, is the 
differentiating mark of the so-called orthodox systems of 
Hindu philosophy This cannot but stake those who are 
m the habit of respecting only rational pionouncements in 
the field of philosophical i esearches as something verv dis- 
quieting and perplexing The metaphysical value of the 
analysis of normal peiceptual and infeiential knowledge, 
howsoever, acute and complete, is seriously impaired in the 
presence of the embarrassing leminder that the ultimate 
reality is not to be reached through any of these avenues 
of knowledge The western thinkers of the middle ages, 
notwithstanding their efforts at rationalizing Christian 
dogmas, were dogmatic precisely foi the same reasons, 
namely, an implicit faith in Revelation and a consequent 

1 Pi of E'ldliakiislinaii, Indian Plnloioidty, Vol I, p 50 
A siniil'ii Tieir iras entertained hi Piof ilax Miillei in The Six 
Systems, p xii 
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distrust of tlie uuaided Reason To urge theiefore, that 
“ the appeal to the Vedas does not involve any reference 
to an extra-philosophic? 1 standard’ is extremely misleading 
till the place of Revelation in a reasoned system of 
Imowledgc is adequately explained ” 


REASON AND REVELATION 


The lelation between reasoned knowledge and revealed 
truths, as it is exjilicitlv maintained m the scholastic 
philosophy of Euiope as ivell as the orthodox systems of 
India, is one of antagonism or subordination To parallel 
the scholastic beliefs that outside of the Church, there can 
be no salvation and no science, and that to philosophize 
IS to explain the dogma, we have heie such explicit expres- 
sions as that in the mattei of Higliest ReahU whose 
Icnowledge is the szne qua non of emancipation, reasoning 
IS an entirely unieliable support, ^ and that the superiority 
of the Vedanta consists in its being mainly an exegesis of 
the Vedas Again, underlying the orthodox condemnation 
of the speculations of Charvaka, Buddlusm and Jainism 
as heretical there are precisely the same reasons vrhioh led 
western scholasticism to discourage independent intellec- 
tual efforts after truth, namely, the reluctance of the 
heretics to identify philosophy with theology, the orthodox 
behef in the inheient limitations of our faculties of 
knowledge, etc Lastly, as m scholasticism so in the 
history of Indian orthodoxy, efforts are frequently made 
to bring rationally reached conclusions into conformity 
with revelation by putting evidently forced interpretations 
either on the sayings of the original author of a system or 
the words embodying revealed truths, and equally fiequent 
ly, these attempts at reconciling Faith with Reason cul- 
minate, by reason of their disappointing results, in a deep- 


1 Ibid , p 51 

* etg 
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seated misology The declarations that real knowledge is 
not to be acquired by those who aspire after merely intellec- 
tual triumphs, that rational discussions are meant for very 
ordinary people, and that no finality can be claimed for 
reasoned knowledge in view of the possibility of its being 
subverted by a more expert logician, are clearly indicative 
of a distrust of reason which lecalls the scholastic spirit 
Indeed, this misology sometimes appears to reach the very 
absurd height of the Giedo quia absurdum of Tertullian, 
as e g , in Kumaiila Bhatta’s avowed statement that 
contradictions in Smriti are nothing derogatory in so far 
as they are based on the conti adictory statements of the 
Sruti (Tantra Vartika) A similar tendency in Vedan- 
tism IS suggested by Dr Deussen’s observations that “ it 
IS possible occasionally to make such statements about the 
Brahman as would be, according to worldly standards, 
absolutely contradictory, for example that the Brahman 
does not wholl'y enter into the phenomenal world, and yet 
IS without part 

Now if philosophy is reasoned knowledge or “ the 
thinking consideration of things,” it cannot conceivably 
be based on a source of knowledge which is so opposed to 
the ordinary souices that its deliverances should admit of 
being couched in palpably conflicting propositions No 
thinlnng consideration of things, it may seem altogether 
superfluous to point out, can afford to ignore the funda- 
mental laws of thought The inevitable conclusion that 
follows from an impartial survev of this evidently anti- 
intellectual tendency, we venture to think is that the 
anneal to the Vedas is nothing short of an extra- 
philosophical criterion This circumstance, however, 
does not make the orthodox system a mere aggregate of 
independent isolated and mutually conflicting expressions 
On the contrary admirable attempts at systematization are 


^ Tbc . System of the Vedanta , p 93 
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clearly visible not only outside but inside the Vedantic 
‘^peculations It has been rightly leinarked that “ Vedant- 
isin IS not to be taken as philosophy based solelv upon 
levelatiou oi faith that has no lational ]ustification 
it lb based upon the profoundest forms of thinking and 
argument’’^ A similar remark, however, applies to the 
}ihiloso]ihy of the Schoolman, which abounds m the 
subtleties of dialectics Scholasticism m spite of these 
intellectual attcmiik'^ at systematizing the dogmas of 
lehgion has lieen condemned as dogmatic owing to its 
appeal lo a standaid external to Reason, and we must bear 
in mind that the function of reason, accoiding to the 
explicit statements of tlic Vedantic thinkeis, is nothing 
higher than the lefutation of heietical objections to the 
lei'Caled wisdom and tlie exposition of ” the real meaning 
of the appaiently conflicting ideas of the Vedas It 
appears to be ven significant that a thinker notwithstand- 
ing his implicit faith in an extra-rational source of 


knowledge should ■\et feel the necessity of so interpreting 
revelation as to bung it into conformitv with the demand 
of reason for consistcncv These attempts at rationalizing 
dogmas, whcthei m India oi Europe, apparently 
involve a vicious circle TJiough levelation is believed 
to have a higbei authority than reason, vet reason sits 
in judgment upon levelation and makes it yield an 
account which vould satisfv the demand of reason itself 
That IS revelation which is believed to be the supreme 
HOOT Of philosophc thouttht has to conform to reason, 
and to that extent most acknowledge the super, onty of 

® derived and conditional 
REASON AND INTUITION 

to IS not only external 

^ to f requently subversive of, th e natural means of 
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knowledge is so opposed to our ordinary habits of thought, 
that the search tfor a reason m explication of this ap- 
parently irrational appeal is not infrequent m scholasticism 
as well as Indian orthodoxy One of the most acceptable 
explanations is to refei the Scriptural Texts to a unique 
faculty of knowledge, generally called Intuition Heie 
we come upon a most characteristic feature of Indian 
speculations which has not received as much atten- 
tion as it surely deserves in an unbiassed exposition of 
Indian thought and an unpre3udiced critical study of 
methodological principles It has passed into a tiuism 
that the different systems of Hindu philosophy, notwith- 
standing their divergences on many a vital point of leal 
speculative interest, agree in insisting on the paiam.ount 
importance of right knowledge as the indispensable conch- 
tion of emancipation and the attainment of the Highest 
Good But what we miss in the modern inteipretations of 
Hindu thought is the proper emphasis on the unique 
characters of Indian epistemology It is perhaps high time 
to insist that right knowledge which is made the indisput- 
able corner-stone of philosophy here is conceived in a way 
so different from the epistemological conceptions of occi- 
dental philosophy that their fusion can lead to nothing 


better than unseeming hybrids 

Bor a proper appreciation of the chaiacteristically 
Indian analysis of knowledge, we have necessarily to bear 
in mind the well-known passage of the 
^Intmhon m Bi lhadai anyoka Vpamshad^ Shamn, 
manan, and mdtdhyasan, as the three 
distinct stages in the attainment of true loiowledge may 
be rightly claimed to be the unique feature ^ ® 
Indian theory of knowledge, and the ancient p i oso 
phers, though they differed widely on their ® 

analysis of the psychological factors involve in 

' wicJn m ST? i 
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different types of cognition, accepted this methodological 
rule as one of the unquestionable certainties of philosophy 
The important lole vhich mdidhyamn played in the 
ancient theories of knowledge may be easily realised from 
the way in which it is accentuated even m the Nyaya system 
that IS geneially supposed to be the least inclined to 


question the authority of the accepted avenues of know- 
ledge In the subtle analysis of our faculty of knowledge 
as it expi esses itself in the manifold types of cognition, a 
high place is accoided to ‘ \ada ’ ivhich is distinguished 
from and ‘ vitanda,’ as being alone concerned 

with the determination of reality ' This emphasis on the 
vada as a means of right knowledge which is character- 
istic of the Nyaya philosophy has evoked censorious 
reflection from the ciitics like Shanlcara who assign the 
philosophic advantage of Vedantism over Nyaya to its 
reluotanco to accept leasoning as the supreme norm of 
toowledge - ^ow, the really significant point which shows 
the essential uniti uiideiljing the superficial divergences of 
iiese systems in lespect of the problems of knowledge is 
that ^tama, though fuUy realising the importance of ra- 
tional arguments for the attainment of truth, is so convinoed 

1 I f r Wledge 

fafos Illogical (^im«mt) so 

far as they aie inconsistent with ‘ Sruti but ortuflllv 

of reasomnrrtie 

1 Tlie supeiioiitv of ‘ vadn ’ tr. Zi 

IS not only recognised witlim the varieties of ‘ hatha ’ 

deified by thinlveis belonn'iiio- to otiL7^ system, but it is actually 
C, , tie G.t. savs, "f ttougU Thus^ 

bj Shank ira 3,- is explained 

Sreedhai Swami points out fbaT ' Sinularly, 
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protection of tiuths against heretical onslaughts ^ The 
fact IS that reasoned knowledge is nevei looked upon as 
the finally efficacious means of detei mining the real, and 
this sceptical attitude towards the efficiency of reason is 
all the moi e striking in a system which addresses itself to 
the task of discovering the moiphology of knowledge 
Right laiowledge which leads to emancipation is not to be 
acquired through rational philosophising alone, for 
‘ manana ’ is only one of the stages m the progressive 
advance to truth ^ The essential nature of the o]')3ects 
whose knowledge is involved in self-knowledge is, accord- 
ing to the orthodox systems, impervious to the ordinary 
faculties of knowledge, and so beyond the field of rational 
explorations These ob]ects or therefore can be right- 
ly known only through an extraordinarv faculty of imme- 
diate intuition, though for this it may be necessary to 
reason about them as a preliminary measure of self- 
disciplme Nyaya limits its function to the exposition of 
right ‘ manana ’ leaving it to other shastras to point out 
the further method of intuition or 

-When we come to the Monistic speculations of India, 
the superior claims of intuition become much more out- 
standing and impressive The Vedantic 
vKr ■” writers do not content themselves ivith sub- 
ordinating the function of reason to a supra- 
rational faculty as is the case intli the Naiyayikas On 
the contrary, they are often re ady to accept the extrem e 


Nyaya Sutra 4 2 50 

® Foi inoie explicit statements on the limits of leason imthin 

the Nyaya System we may turn to the fn! 

Gotama openly insists on the need of a further discip , ® 
shape of Tope practices and of all the ^Sf?r eom- 

that are suhsidiary to Toga IProf ,^tnrd to a 

plains that this is a very humble view to take 
system of philosophy which at the very outse p j n 

heautitude To what extent a Naiyayika TTdavana’s 

the value of immediate intuition may he gatheied f o y 
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position of unqualified irrationalism by emphasising the 
opposition of intuitional deliverances to the testimonies 
of sense and reason Thus, e g , Shankara, almost in 
the strain of the Latin Fathers of the Middle Ages, 
ascribes the inadequacy of all empirical knowledge ulti- 
mately to the innate Ignorance which is at the root of 
all evils All the secular canons of Imowledge, are limit- 
ed to the province of Ignorance, because, we are told, 
“ without the delusion that I and mine consist in the body, 
'?ense-organs, and the like, no knower can exist, and conse- 
quently a use of the means of knowledge is not possible ” 
Such a sweeping remark on the part of a philosopher on 
the inadequacy and perversity of the ordinary means of 
knowledge will surely strike as altogether extraordinary 
to those who would like to reiect the so-called higher 
faculty as an extra -philosophical criterion Yet, Shankar- 
acharva, who is widely accepted as the most gifted of the 
Vedantic thinkers !<? perhanci ako the most emphatic in 
distinguishing between the opnia vidya and the 'para vidya, 
and in tracing our cognitive perversity to an innate cause 


Now "wliat IS important for out present purpose is that 
Vedantism, more than anv other Indian system, is charac- 
terised by a very persistent effort to stake its epistemo- 
logical piestige on a type of extraordinary experience 
which IS so opposed to our ordinary experiences that 
neither sense nor reason is supposed to reproduce its 
contents This specific type of experience is believed to 
be indispensable for the attainment of the homvtn 

masm.uch it alone reveals th^ substantial identity of the 
'individual self with the universal substratum The fact 
of this identity being unrealizable through the ordinary 
means of knowledge which produee the fiction of difference, 
tr uth IS unattainable ex cep^through that intuitive ex- 
account of the oiiprin of the different ts-roloTYicTT It If 

of mtnitional excellence^ef the oon.fr 

AtwarntimmoTn, oee me concluding- portion of 
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penencse Until this experience is realised and actually 
lived, the individual has necessarily to rely on the 
unquestionable authoiity of the Holy "Writ Hence again 
Shankara insists that out of the 'pramanas which are 
useful for apara mdpa, sabda is the only reliable guide ^ 
The paramount importance of intuition for the know- 
ledge of the Real leceives unqualified emphasis v/hen 
it IS urged that even the Scripture is not the final means 
of knowledge but scriptuial texts on the one hand, and 
intuition on the other hand, are to be depended on ® 
This intuition is then the ultimate criterion, of which 
reasoning even when it is supported bv the sacred texts is 
a subordinate auxiliaiy ^ 

For a fuller lustification of this Vedantic evaluation 
of the different sources of knowledge and the subordination 

Intuition ordmai'ilv accepted means of true 

belief to an extraordinarv immediate intui- 
- tion, we must turn to the Yoga analysis of knowledge 
which, as suggested above, furnishes the underlying basis 
of the different epistemological theories of India True 
knowledge, according to the Patanjal views is not a matter 
of mere speculation On the contrary, oui theoretical en- 
deavours are without exception ntiated by the inevitable 
presence of factors which ohstiuct the immediate vision of 
truth ■* Owing to the intimate a^'isociation which ordinari- 
ly exists between the name and the meaning, and the neces- 
sity thence arising of thinking with the help of language 
we alwavs run the risk of mistaking the forms of language 
^ the forms of thought This mistake lea ds to a numbe r 

‘ fl: srmni?r Shnnkn m Coin 
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of false beliefs about reality Every form of language is 
supposed to have a coi responding form of evistenceb and 
this even where there is no such correspondence at all 
in reality Tor a seeker after truth then, il- is absolutely 
necessary to destioy the associative links between the mean- 
ing or oh-jeet of knowledge, and the names which are meant 
for their expicssinn^ Apart from the 'vvluch 

has Its source in language, theie is another distort- 
ing agency in our ordinal v methods of acquiring know- 
ledge. namely, the ‘ T think ^ Hence the highest tjqie 
of expel lence is not only conditioned bv 

but IS al-^o characterised by the complete 
absence of self-consciousness It is called perception 
Jim (‘Cf'ceUmce inasmuch as through tins alone is re- 
vealed the real nature of the object Here we come 
upon the teal secret of that implicit faith in the Holy Wnt 
which IS a genei al feature of the orthodox systems The 
supreme authority which is claimed for the Vedic lore 
and the reverential avre ivitb wdiich the toughest intellect 
hastens to accommodate Ins epistemological findings to 
Revelation arise out of a preconceived ideal of knowledge, 
though in some cases it assumes the appearance of a blind 
faith in authority Right knowledge then, as it is con- 
ceived by Indian orthodoxy, should be acquired through 
other than the ordinary methods, and transmitted through 
other than the ordinary means of communication Hence 
again the need for a right preceptor who having realised 


—Yoga Bhasyn 


on tlie Sutra 9 
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the truth by means of an immediate intuition — hence called 
— can also dispense ■with the help of language in 
transmitting it to his desciples The more frequent method 
of transmission however, is to have recouise to the ordinary 
medium of language, and so the intuited content comes into 
contact with that self-same distracter which stood between 
the subject and the object Hence again the necessity of 
shavrni, mamn and mdidhyasan 


VEDANTA AND YOGA 

It appears to be pietty clear in the light of the above 
considei ations that a faculty altogether different from the 
ordinary ones was unanimously considei ed to be the 
supreme organ of knowledge This was not only true of 
the so-called logicians who avowedly believed in the potency 
of rational discussion for yielding light knowledge, it was 
equally true of the monists who apparently thought it 
necessary to undertake a rational lefutation of the Yoga 
philosophy It IS tiue that the Yoga philosophy does not 
meet a better fate than the other systems at the hands of 
the monistic thmkeis, and Sliankara in particular appears 
to be uncompiomising in his polemics against the 
Yoga method of realization ^ But to interpret 
this as tantamount to an unqualified denial of 
the efhciency of intuitional experiences is to miss the 
real source of strength in these speculations On the con- 
trary, it IS only on the ground of a specific type of 
experience which is supposed to give us a direct perception 
of Reality, that Shankara rejects those methods that leadv 
to other types of experiences That is, it is first of all 
assumed by Shankara that the Real is revealed only m that 
type of experience in which the exponent actually feels 
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bis identitj illi the cosmic consciousness, and then on the 
stiength of tins assumption he ie 3 ects the epistemological 
claims of those methods and experiences winch contradict 
the method and the delnernnces of that specific experience 
Even the Shriitis aie so intei preted — ^interpretation which 
are bound to appeal to an impartial reader as forced and 
fai -fetched on ciitical points — as to conform entirely to the 
contents of that experience, and then the rival systems are 
shown to have misundei stood the Sacred Writ Whether 
that expel lence is called m'^ stic intuition or not is a matter 


of woi ds only ' But the fact remains that the experience 
which is made the basis of Vedanlic metaphysics is some- 
thing so unique and opposed to the oidinary methods of 
knowledge, that the Vedantin should have no quarrel with 
the other oithodox philosophers in considering speculative 
philosoph} as a nieie auxiliary, incompetent by itself to 
reveal the Real This in fact is clearly suggested by 
Vachaspati Misra when he hastens to add that the 
Vedanta Sutra, , does not deny the evidential 

authoiity of the Yogic philosophy ^ And Sliankara him- 
self not only acknowledges the authonty of those 
portions of Yoga which do not differ from his own 


monistic metaphysics, but he openly declares that the 
belf which IS unevolved and entirely free from all 
plurality is seen by the Yogi 3 gp, ^een justly pomt- 

that thinking 

his system upon, raystio ^isim Vs\bi ^n and buiKi 
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ed out^ that here the ultimate “ wan ant of authority is 
actual experience which is not a specific form of proof co- 
ordinate with other forms but the basis of all these — the 
Self itself of a supra-sensible kind If then the Vedanta 
affirms that notwithstanding apparent plurality all is one 
it IS not merely because argument leads to a Monistic 
conclusion but because that unity has actually and 
really been experienced directly b)^ those who affirm it 
the Vedanta is not a mere system of philosophy in the 
modern western sense It is based on Revelation If not 
so based, it is worth no moie and may be worth less than 
any other particular philosophy ” 

The conclusion then appears to be inevitable that the 
real strength of the orthodox systems of philosophy in 
geneial and that of Vedantism in particular 
lies in certain types of intuitional experiences 
which furnish the actual foundation of 
knowledge and belief And here we come upon the 
most deep-ljung contrast between Indian philosophy 
and that aspect of westein speculations which, m- 
auguiated by the anti-scholasti c respect for rea so^as 

not only accepted the a ahdity ind usefulness of the 
called SaviLalpa and NzrmLalpa ^ 

account and classification of Saviadht have o-eneralh 

accepted without qualification Shankara, liowev , o 
believed to have underrated the jogic \},„mselves to 

as these are not recognised as sufficient Thus, 

lead to the de\elopment of the ulCTtity that 

Madhusud in Sara'^wati saj s reg u diiw Shank u a ^ _ 

Commentary to Gita, VI, 2b Shankara’s however, says P 
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Iho supreme court of rippeal in matters of knowledge, 
crj^stallired into tlie epistemological doctrines of Kant, 
Hegel and all other subsequent philosophers of the west 
Judged fioin this standpoint, we must candidly admit 
that the appeal to the Vedas does involve a reference 
to an extra-philosophical standard Of course, every man 
IS free to define philosophy in liis own way, and vre should 
not be denied the right of so conceiving philosophy as to 
place intuitional exjicnences in the very centre of our 
metaph}sical adventures But then we must be careful 
not to impair the centiahtj of these experiences by the 
desire to find for them a place m a lational scheme of the 
universe It is no doubt tiue that the intuitional ex- 
periences are after all experiences and not mere figments 
of imagination, but to urge that these experiences should 
be taken into account in “ any rational rendering of 
reahty is, ^\e ventuie to think, nothing short of a serious 
confusion of issues Intuition founded on the impotency 
of Reason cannot conceivably enrich itself by submitting 
to a rational intei pretation No subterfuge of language 
therefore should be allowed to obliterate the methodological 
contrast between Indian absolutism and the monistic 
philosophy of modern Europe, particularly that of Hegel 
To put this contrast m a clear light we may just consider 
the strong conviction with which Dr E Caird says that 
“the claim of special inspiration is an anachromsm for 
the modern spirit which demands that the saint should 
also be a man of the world, and that the prophet should 
show the logical necessity of lus vision For ‘ a man’s a 
man for a’ that,’ and however sensuous and rude his con- 
sciousness of himself and of the world may be, it is, after 
all, a rational consciousness, and it claims the royal right 
of leason to have its errors disproved out of itself And 

Lovl ^ premises to 

prove Itself an the intelligence of every one, and which is 
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forced to have recourse to mere ex catJiedia assertion, is 
confessing its impotence Hegel’s attitude to the 
mystical method is ■vvell-loiown His invectives against 
immediate feeling as the organ of philosophy and his 
insistence on the need foi mediation .are too clearly stated^ 
to leave loom for confusion between the intuitional m.ethod 
and the philosophical method of Hegel 

Yet, howevei, such confusions aienot altogether want- 
mg in the writings of the most gifted modern contemporary 
exponents of Indian thought The Vedanta 
Are the thinkers are supposed to have sometimes 

pancitakosas iii 

categonea? auproached the problems of philosophy from 
the standpoint of the dialectical method of 
Hegel ^ In the Taittirnm Upanishad, it is said, “ we find 
expressed the central contention of the idealist that m all 
svstems of philosophy there are elements of truth as well 
as inherent defects, limitations which lead us on to some 
other more'concrete development which, again, has to be 
transcended By an immanent criticism of con- 

ceptions, we are enabled to discover the most complete or 
the most fundamental idea, lelatively to the rest " We 
start with a lower category, criticise it, discard it as 
incomplete and progress to a higher one wherein the lower 
receives its fulfilment ” That is, the Taittiriya Upanishad, 
fat fiom being fanciful m its notions as ludged bv 
Dr Weber, exhibits the tiue spirit of speculation in so 
far as it illustrates the method of the “ progiessive dis- 
covery of reahtv oi defining of reality in terms of 
fundamental conceptions or categories, or a gradual 
passage from lower, more abstiact and indefinite concep- 
tions, to higher, more concrete and definite ones ” This 

* Hegel, p 131 

^ JJj g , in the Preface to the Phenomenology 
^ Professor Radhakrishnan, Indian Philosophy, p 164 
“ The Beign of Religion in Contemporary Philosophy, p 413 
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metliod, it IS liaidly necessary to remark, is the full- 
fledged dialectical method of Hegel Now the question 
IS whethei such an intcipretation of the dialogue between 
Varuna and Bhiigue is -justihahle or not That the 
Upanishads aic not ^ely distinguished for their mtel- 
lectualism, and that then lo2:ical basis is almost 
insignificant aic almost unanimous^ accepted hi the Indian 
as well as the Mcstein orientalists “ There is not to be 
found in them,’' savs Piof ,S N Das Gupta, “any 
pedantry or gvmnastics of logic,”’ and their discussions 
” by themsehes are hardly logically convincing having 
not unoften an almost infantine naivetd about them 
Now even if it be granted foi argument’s sake that such 
sweeping lemarks on the philosophical basis of the 
Upanishads are fiindameiitalh untrue ansmg fiom a 
jiaitial view only, the dialectical method of Hegel and the 
Upanishadic dialogue do not appeal to have a single point 
of contact with each other when the\ aie indged on their 
own merits It will peihaps be readily admitted that the 
generally accepted inteipietation of the dialogue has very 
little in common with the immanent criticism of categories 
which for Hegel reveals the Absolute The method ol ex- 
plaining the Absolute as it is suggested in the Upanishads, 
is to begin with most easih anpiehensible thing and then 
to lead the seeker after Tiuth thiough a senes of progres- 
sively subtle things to the knowdedge of the Absolute which 
IS supposed to be the most difficult of comprehension This 
met 0 of giadual transition from the grossest to the 
subtlest IS more than once illustrated m the Upanishads. 
and the terms of the series are not generally repeated 
Thus, apart from the numeious ineffectual attempts at 
defining the Absolute which are found throughout the 
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Upauisliads, the teachei often leads the student upwards 
from the conditioned to Uie conditioning, fiom the subtle 
to the subtler The case of Bin ignc in the Taittiriva 
Upamshad, foi example, is the same as that of Narada 
in the Chhandvog\a Upamshad and in explanation of thi= 
method it is smd that like the mounting of a slaiicase the 
exposition piocecds fiom the gross to the subtle and subtler 
truths' The^-e explanatoiv things then aie meant for 
drawing oiii attention to what actually lies beyond them, 
01 1 ather, what is the essential Realiti of which these are 
mere appearances Bv negating the whole lot the student 
IS directed towards the positive basis of all negations The 
Absolute is nliat remains ovei vhen all the sheaths or 
kosas are negated ’ This intcrpietation, it is hardly 
nece^ssaiv to lepeat, does not evidently bear am resem- 
blance to Hegel’s method Tt i ather points to the opposite 
direction 

Further, the a,ttempt to dove-tail the Hegelian method 
on the Vedantic theory of Kosas is not simply to deprive 
Indian philosophy of its peculiar ps>cholog^^ and meta- 
physics It further leads to all the disadvantages of 
Ignoring the liistoncal lineaments of philosophical 
problems Hegel’s method of discoieiing Beality bv an 
immanent criticism of oui categoiies has an intellectual 
background so entirely unlike anything that existed in 
India and the presuppositions of these ^^vo types of 
'philosophy are so different that nothing of permanent 
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philosophical interest can result from leading one into the 
other The theory of categonesi, as is well-lmown, 
deieloped out of Kant’s attempt to icconcile the conflicting 
claims of empiricism and rationalism about the origin 
of knowledge The function of thought and that of sense 
m the constitution of knowledge were entirely separated 
fiom each other by the pieiious llnnkeis and hence arose 
the necessity of a fresh analysis of perception in order to 
determine the role thought plays in perception in particular 
and knowledge in geneial Tins analysis led to the all- 
impoitant discoveiy that the ultimate forms of thought 
and the forms of existence are identical so that it is 
possible to know the ultimate determinations of reality 
through an adequate analysis of reason This identifica- 
tion of the intellectual nece^^sity with the metaphysical 
which IS stionglv suggested by the Kantian analysis of 
knowledge could not be completely realized by Kant owing 
to his faith in something be^mnd the field of intellectual 
exploration Hence the immediate duty of his successors 
was to adhere consistently to the central epistemological 
principles of the Critique by remonng from it all the 
useless excrescences which had no organic relation with 
the mam puipose of the ti anscendental enquiry Thus 
Reason, in the hands of Hegel in particular, establishes 
Its unqualified supremacy and the legion of the Unknow- 
able IS once for all blotted out of existence 

It would be useless to repeat these platitudes about 
the philosophy of Kant and Hegel, had it not been neces- 
sary in studinng philosophical problems to realize that 
notwithstanding the unity of the intellectual movements 
of diflerent people, there are very significant differences too 
that are reflected not only m the special problems but also 
in the special methods employed for their solution The 
theory of categories and the method of immanent criticism, 
we venture to think, are snch specialities With regard 
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to the Hegelian dialectic, it has been remarked* that “ it 
IS not the only obiect of the dialectic to piove that the 
lower and subordinate categoiies are unable to explain all 
parts of experience without resorting to the higher cate- 
gories, and finally to the Absolute Idea It undeitalces 
also to show that the lowei categories are inadequate, when 
considered with sufficient intelligence and persistence, to 
explain any pait of the world The whole chain of 

categories is implied in any and every phenomenon ” It 
IS further pointed out that “ since we cannot obseive 
pure thought at all, except in experience, it is cleai that 
It is onlj in experience that we can observe the change from 
the less to the more adequate f oi m which thought under- 
goes in the dialectic process But this change of form is 
due to the natuie of thought alone, and not to the other 
element in experience — the matter of intuition It is 
evident from these characteristics of the Hegelian dialectic, 
how intimately it was connected with the contemporary 
distinction of pure thought from mere sense, of experience 
fiom reason, and finally of the immanent ciiticism of one 
category by anothei from the criticism ab extra, of thought 
as such The strong lepugnance which Hegel had to all 
forms of transcendent ciiticism of thought was evident" 
from his inability to accept even the “ intellectual 
intuition ” of Schelling If the philosopher, to quote 
Dr E Caird once moie,^ “ assumes propretic airs, or 
speaks to ordinary men from the height of ‘ an immediate 
insight ’ or ‘ transcendental intuition,' from which they 
are excluded — ^lie, as Hegel soon began to assert, is pre- 
tending ‘ to be of a different species from other men,’ and 
is ‘ trampling the roots of humanity under foot ’ The 
contrast between the dialectical method and the intuitional 


’ Dr MoTapgart, Studies in the Hegelian Dialectic, p 19 
’ Ibid , p 18 
’ Hegel, p 57 
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-meLhod cannot conceivably be picseuted in a stronger form 
There was not only no occasion in Indian philosophy to 
distingnibh between the foini and the matter of experience 
which gave use to the llegcban ractliod, but the latter was 
developed in diiect antagonism to what was accepted m 
India as the only riglit method of approaching Reality 
With legal d to the fust point, how^ever, it may be 
asked if the Vedanta thinlrers did not hold that “ true 
insight IS bom of the union of the universal 
tlic particular,” and thus anticipated 
hon^VcTuecn wliat Kout discovei’ed only m the 

percept? eighleenth centur}, namely, that “ peicepts 
without concepts are blind concepts without 
percepts are empty Similarly, regarding the second 
point-, it may be uiged that “ Intuition does not eease to be 
rational simply because leason is transcended Intuition 
is the crown of reason To begin with the latter point, 
though the belief that theie is no necessary antagonism 
between intuition and reason has found favour with many a 
modern exponent of Indian thought, none has as yet been 
able to 3ustify tins belief “ The intuitional,” it is urged,’ 
IS not contiadictory of the logical, but subsuniptive of 
it ” It IS howevei candidly acknowledged that we cannot 
form the remotest conception of the ways in which the 
palpably contradictory attiibutes are referied to the 
TJpanishadic Absolute * Now even if it be granted that 
the belief is justifiable, and this is not our present conten- 
^n,° It does not affect the contrast of the Hegelian method 

“ Goniempoi ary Philosophy, p 423 

‘ Ranade, Upanishadic Philosophy, p 6 

weakness of 

expl.ca?eaVo?bu W not bj 
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ynth the intuitional Hegel, we must obseive at the risk 
of repetition, would be the last to subordinate reason to 
anything external to it, and however imperfect our know- 
ledge of reality may be, he would never think of 
supplementing the deficiencies of reasoned knowledge by 
an appeal to a dilfeient faculty Our knowledge as 
actually achieved may fall far short of our ideal of what 
it ought to be, and perhaps the ideal will not be completely 
reahsed while man is man, as Gieen would suggest But 
"With all these admissions, Hegel would surely urge that 
“ All true philosophy must be mystical, not indeed in its 
methods, but in its final conclusions If we now turn 
to the first point about the analogy between Kant and tne 
Vedanta thinkers, oui conclusion will be the same Not- 


withstanding a few fundamental pomts of contact between 
the Vedantic teachings and the results of the Ciitique, 
their methods are poles apart By that admirably pithy 
expression regarding the i elation of percept to concept 
Kant, as is knoivn too well to need elucidation, meant to 
emphasise the functions of both thought and sense in 
knowledge Knowledge for him is ob3ective only m so far 
as the immediately given sense-data are brought under the 
interpretative activity of thought Now, as already urge , 
such a distinction of sense and thought reqmres far 
types of intellectual atmosphere to foster in than w a 
could exist in India In view of the complete a seime o 
any reference to this distinction between thought an im 
mediate experience in the philosophical records o n a, 
it would be surely fanciful to foist the Kantian 
in the Upanisha.ds The fact is that the affi la ^ — 

' MoTaggart, Hegeltan DialecHc, p mysuoism not 

original It has been sometimes claimed tba 7 God-reali- 
oocultism and that it is a pericctly intellipo •. ^iis is 

zation (compare, e g ,'M.v Underhill, ’ R misticism His 

not the point ’at winch Hegel "e Sy, as is 

real polemic is directed against its * Wissen of Jacobi 

evident from his criticism of the unmittelbg 

61 
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Kantian and the Hegelian thought to Vedantism has been 
made possible through putting extremely far-fetched 
interpretations upon the terms manas, Vi'jnana, etc , as 
they ocelli in the monistic speculations of India It is 
not at all easy to see the extent to which such terms as 
manas and. Vi‘]nana have to be twisted before they can 
connote peiception and understanding respectively, as they 
occur in the philosophical literature of the west Our 
failuie to see this ma-y be due to our short-sightedness, but 
we must emphatically maintain that these interpretations 
are entirely fanciful and unwarranted Apart from this, 
such misinterpretations have the disastrous result, of 
obscuiing one of the uniqae characters of Indian thought 
It has been contended above that intuitional visions play 


a veiy important pa it in Indian epistemology They are 
intimately connected with the Ved antic theory of know- 
ledge in particular, which includes among other things 
meditation or contemplation That immediate experience 
of Identity which is supposed to be the only true experience 
is but the last lesult of concentration and is preceded by 
other types of experience ^ Thus Bhagavat Gita de- 
scribes the intuitiomst 'jiai excellence^’ as he who meditates 
upon God Intuitional experiences aie chiefly distin- 
guished according as they lead to the perception of God 
or that of Self Out of these two types, the latter is the 
final result of previous concentrations on the five sheaths 
or kosas one after another It is true that these are re- 
TOgnised as aids to the Imowledge of the Absolute, but 

<^^eir being categories 
ful for the control of the external and the in ternal senses , 

’ Gita, VI, 47 - ^ 
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Shankara explicitly ascribes these five sheaths to Ignor- 
ance/ and as the Absolute appears identical with these five 
outei cells, their discrimination results in the consciousness 
of identity between the subject and the ground of cosmic 
existence Indeed, to interpret these cells as so many 
categories winch by an immanent dialectic reveal the 
Absolute IS to throw overboard the peculiarities of the 
Vedantic psychology 

We conclude then that the Hegelian method of know- 
ing the Absolute bj'- an immanent criticism of categories is 

_ , different and in some lespects altonether 

(Jonclusion ■» -tt i i a ^ 

opposed to, the Vedantic method of right 
knowledge For ther Vedantist, the ultimate criterion of 
truth is an immediate experience, the function of thought 
or reason in the western sense is either not recogmsed at 
all,* and even when it is used in the approximately western 
sense, it is made subordinate to immediate experience 
For the Hegelian, on the contrary, no experience an its 
immediacy can furnish the ultimate criteiion and claim the 
exclusive right to reveal the Real, for, it is revealed only 
m so far as the mediating activity of thought has been 
allowed to operate upon the multitudinous varieties of 
experience According to Vedantism, the falsity of an 
immediate experience “ is not to be judged cr 'pnoii for 
Hegel, an experience is to be judged false precisely in the 
same degree in which it fails to satisfy the a 'pnori ideal 
of a coherent system 


Com to Tait, Up , Sr Vallt, II 

'^le Reason as the sonice of the fundamentnl principles on 

which our thinking nncl action depend was ne^ er recognised in 
India where the contradictions in the rationally reached conclusions 
led to the condemnation of the thinking process in general This 
has been called the ‘ Superficial Doubt," as distinct from criticism 
—See Oaird’s CrtHcal Philosophy, p 4 

’ Prof Krishna Chandra Bhattacliarya, Studies in Vedantism, 
Introduction 
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THE ABROIHTE OF ABSTRACT PANTHEISM 

We have so far considered the problem of methodology 
and attempted to bring out the apparently irreconcilable 
contrast winch Indian absolutism presents m 
Soohi-jUriccna tliis lespcct lo Hegeliauism As we pass to 

and opmoEft on *,1 , \ ^ , t-. , 

the Absolute consideration of the nature of the Reality 

as it IS conceived in the east and the west, 
this opposition again confionts ns almost in an unmitigated 
form And here too \\c mav begin with western scholas- 
ticism, M ith which the Vedantic method has heen shown 
to possess fundamental afiimties Philosophy m the 
opinion of Scotus Erigena, the founder of the Christian 
School, IS the science of the faith and its function is the 
understanding 'of dogma God iiho is immanent in the 
cosmos. IS the sum-total of being without division, or 
limit He is being without auy determination, and being 
superior to all contrasts cannot be adequately described 
m language But though God is incomprehensible through 
human categories, and hence is the absolute nothing for 
our thought, yet it is not equal to 0 On the contrary, 
it IS the positive ground from which the world is derived 
qually impenetrable is the innermost essence of the human 

rnoTnf IB hardlv necessary 

t K thoughts of Erigena a-re so similar 

th>}7h ^ Particulailv of the Shankante School, 

easily taken to be a short rdsumd of the 
Vedantac metaphva.r,, Now, the mam difficulty m such 
m taphysios is that of describing the mdesenpt With 
Its absolute sundermg of fhe ■ what ’ from the ' that,’ it 

and'^ooT’' / d-atinguishing between being 

and nothing, for that which is supposed to repel all pred. 

crton and essentially unthinkable on this aoLnt 

Afficulty, like that of the mystics in general, i, to resort to 
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the vision or immediate Imowledge of God Outside the 
scholastic attempts which sometimes reach the chmax of 
intellectual nicety, it is in the works of Spmoza that we 
find a most serious tussle with this fundamental problem 
of pantheism The problem is to ascertam how the ens 
absolute indetcimvn-atum. is related to the attributes 
Spmoza appears to have left this relation sufficiently 
ambiguous to admit of two opposite interpretations, called 
formalistic and realistic respectively According to the 
former view which has the authority of Hegel, the attri- 
butes are merely in intellectu, and so do not qualify the 
substance It is merely from the view-pomt of thought 
or understanding — ^which can conceive of anything only 
by attaching pied mates to it and for which consequently 
that which cannot be made the subject of significant judg- 
ments is absolutely nothing — that the indeteimmate 
substance, existence in itself, oi pure bemg, is changed 
into attributes That is, Pure Being in itself is com- 
pletely destitute of all determinations, and the attributes 
are what intellect ‘ perceives ’ concerning it, as constitut- 
ing the essence thei eof If this interpretation of Spinoza’s 
thought be coriect then the recogmtion of limitations of 
our intellectual faculty or reason appears to be a un a 
mental feature of his pantheism Coming now to n lan 
philosophy a strikingly similar line of thought in con- 
nexion with the self-same pioblem is illustrate in 
schools of Vedanta The school of Shanlcaia repiesen s 
Spinozism as interpreted in accordance with t e 
listic view, while the realistic aspect is represen 
Ramanuja and his followers 


THE BRAHMAN 


Shankar a’ s Absolute, 
Substance of Spinoza is 


Frigena’s God or the 
ttly described as Pure 
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Being, altogether free from determinations and exclusive 
of difference Distinctions, he points out, may be of three 
types only, namely, the difference of a thing from its parts, 
tliat of one species from anotlier undei the same genus, 
and finally that of one thing from another of a hetero- 
genous t^pe The pure identih of the Absolute is entirely 
tfree fiom these three possible kinds of difference Indeed 
the unique natnic of Shankaia’s monism which distingui- 
shes it from all other types of Indian thought consists 3ust 
in this uncompromising insistence on the purely indeter- 
minate anahtic unity of the Absolute That this un- 
qualified monism is Shankara’s metaphvsical position 
becomes obvious not only from what he himself teaches in 
the diffeient parts of his commentaiies, it is equally clear 
from the ‘Strictures it has received at the hands of the 
critics of different schools of thought as well as from the 
subsequent history of Vcdantic thought in the school of 
Shankaia A system which takes the featureless analytic 
unity to be the foundational principle of the universe must 
necessarily stake its speculative excellence on the success 


With which it can reconcile the apparent plurality of the 
immediately given world of experience with the meta- 
physical pure unity of the cosmic principle Apart from 
tins central crux m all varieties of pantheism Shankara 
to tussle with the fuither problem of the emergence 
o qu^ities or attributes out of the perfectly indeterminate 
pure Existence His answer to the first problem has much 
in common with that of Parmenides and Plato Having 

nhlrnl f I'fiam'bada as implying potential 

nf lE ^ iiiconsistent with, the pure identity 

alternative is to condemn all 
plurality as mere illusion or unsubstantial appearance 
But the more the phenomenal world is condemned as a 

need appearance, the more pressing becomes the 

need of acconnting for the existence of this illusion For, 
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a fact in order to be denied oi judged false must at least 
exist, and till tins existence of the Unieal is reconciled 
■Winth that of the Real, we^are left in a hopelessly dualistic 
metaphysics Hence the phenomenal world is a gieat 
Bource of trouble to Plato, Parmenides and Shankara alike 
Outside the Idea, Plato uiges at every step, there is 
nothing but non-bemg, outside the Biahman, says 
Shankaia, Iheie is nothing but Avidya which does not 
leally exist But in the veiy act of denial, the Non-bemg 
or the Avidya comes to possess a positive significance, and 
the ciitics of Plato as well as those of Shankara have de- 
manded an explanation of this ai^j^arently second 
constitutive element, this non-bemg which foi the Greek 
as well as the Indian thmker, is the source of all plurality 
and evils The Avidya has an eternity ab ante, how can 
this second piinciple which is co-eternal ivith the Absolute 
be reconciled with the sole leality of the One^ This 
reconciliation in the opimon of many ciitics of Plato and 
Shankara is impossible, and so Shankara’s analogy of the 
magician has failed to silence the critics who find m Maya 
a second principle that ‘ refuses to be reduced completely to 
the unity of Biahman ’ Absolute monism, it is urged by 
Jayanta Bhatta, cannot dispense with a second principle, 
and the admission of anothei eternal pimciple alongside 
Brahman is fatal to a monistic metaphysics ^ This 
dilemma, mdeed, is inevitable in some form or other in 
every type of monism The illusion of Parmenides, the 
non-bemg of Plato, the Maya of Shankara, the matter of 
Plotinus, and even the negativity of Hegel and the matter 

‘ 51TIT 1 ciiwfi 5 

Nyayamanjari, IX, 526 Again, ^ 

ueit 3 Rifaftrth 1 Ibid, p o31, 
Gnngadhar Shastn’s edition, Firt II SlianJcara’s only leply is that 
the difference between the Brahman and the Avidya is false, 
because it does not exist at a particular stage of illumination 
See e g , Brih Uganishad, HI 5 
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of Bergson stand out as duahstic excrescences disfiguring 
the monistic purity of tlieir systems 

MAYA; 

Shankara’s own device here is to fall back on ineta- 
pliois ivhicli have opened the way to endless controversy 
within as well as without his own school It is by no 
means an easy task to extricate a consistent notion of 
Maya fiom the appaiently conflicting accounts of it given 
by difterent monisLs, who diftcr fioni each other widely on 
a number of lelcvant pioblems of vital importance Maya 
is desciibed hv Shankaia as consisting of name and form or 
and not determinable either by being or by 
non-licing , and the Absolute is Pure 

Being vhich by reason of its purity is mistaken as non- 
being Prior to the creation of the universe there was 
mere Being ^ This, as Shankara is caieful to point out, 
does not signify a subsequent distortion of the genuinely 
Peal Even now it is Pure Being but diffeientiated mto 
names and forms quite as much as the magician is never 
distorted by the magical show of his own making^ Yet, 
when pressed foi a definite answer to the relation between 
the Absolute and the Maja, he has to admit that the 
undistorted Brahman tiansforms itself mto the trans- 
migrating indiA’^idual soul by means of its own avidya, and 
frees itself from this bondage by its own vidya A similar 
difficulty attends the second characterisation of Maya as 
neither being nor non-being As contrasted with Brahman 
which IS pure existence, Maj’^a is non-existent, but as the 
ground of the phenomenal world of experience it is not 
mere non-being In this connexion, it is sometimes pointed 
out that the non-being of Maya is not absolute Though 

' (?/<// Up VI 2 ^ 

* m\ srmf^cUfT 

5 Bhasya,n l 9 

Ut also 3rth Uparitshad, 111 5, 
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eternal ah ante, it is completely anniliilated at the dawn of 
right knowledge . but Bi nhman is ti uly existent 'for it never 
cea'^os to be So, if jmre being or genuine existence consists 
in eternal being as is apparent fiom the technical definition 
of ’T'qrsr ns then such a genuine leality 

cannot belong to Maj'a Heie too the piessme of logic 
has sometimes diiven Shankair to the appaiently conflict- 
ing admission that !Mava is not only unreal in tlie sense 
of the transient, but it is absolutely unsubstantial and 
literally false or like the son of a barren woman ' 

The Vednntic contrivance foi reconciling these conflicts by 
means of the usual distinction iietween the esoteric and 
exoteric knowledge m veil-known Put i/ithout considei- 
ing the significance of this distinction and the right of 
intiodiicing two Iieterogeneous standards of tuith into a 
sjstem of phdo«ouhy it may help to clear up the issues to 
make a shoit reference to the second pioblem mentioned 
above, nrmeh the emeiirence of qualities out of the abso 


lute indetcimnintoness ot puie being 

Shankaia ns suggested above, has to encounter heie 
the same difficulties as Spinora How' can that which is 
essentially an ens ah-^olnte wdeterm^mtum be also describ- 
ed as possessed of deleiminatioi s^ Sliankaia, as is wel 
known, not only distinguishes between the highei and 
the lower Brahman, but he also proceeds to characterise 
the former as satyam, jnan^im, annntam, an t us ma e 
himself liable to attack alike from the theistie monists and 
the logicians That which is purely indeterminate it 
urged by the critics, can never be the object o ow ® 
Hence those portions of to^t^^;kich have_egtot 

This IS rightly °But ^is°not^o]ow^ho^ 'lew 

55 m^mn^df^—VatsyayaiiaBhasijaiy I 
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lefcrence to the indetermmate Brahman are not, it is said, 
to be interpreted as supporting absolute indeterminateness 
Tliey only signify the absence of ordinary qualities from 
God' 


Shankara, liowevei , was not wholly blind to 
the difficulty of describing the in descript or determining 
the indeterminate To qualify, he says in effect, is to 
limit, and the absolute being all that is does not admit of 
limitation But, though indeterminable in this sense, it 
can yet be defined in the same way as A Lash is defined as 
that which gives space ” flow fai it is a genuine solution 
of the difficulty which has in some foim or other been 
present in every agnostic system has been seriously ques- 
tioned by the critics of agnosticism in India as well as 
Europe The fearless agnosticism of Shankara however 
does not stop with this distinction between definition and 
delimitation The last conceivable step is taken by him 
when he urges that the Absolute is not only entirely 
characterless, but not to be grasped through thought and 
speech It is unthinkable and unutterable The word 


atman, it is pointed out,* cannot directly signify the in- 
determinate Absolute, Its diiect reference is to the deter- 
minate Absolute, or Self But a word may by a sort of 
indirection refei to sometliing beyond its point of direct 
reference when the latter is rejected, by a subsequent 
negation So the word atman directly signifies the self as 

super-imposed Adjuncts like 
pH flc u adjuncts are subsequently reject- 

iLZ t f^^ction of 

suggestion or 

evidently indisp_ ensable for the unqualified 

Tatt Upamshad, loc ^ I 

C7^7^, Upamshad, VII, 1 3 
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monism of Samkara's school It represents the Vedantic 
attempt to solve the fundamental crux of agnosticism by 
accentuating the positive significance of negation What- 
ever may be the intrinsic worth of the theory, here we 
appear to approximate the hunts of conceptual thinkmg 
And it gives us a clue to understand the Vedantic distinc- 
tion between the esoteric and the exoteric knowledge 
The abstract identity of pure being, though it as equal 
to nothing from the standpoint of conceptual thought, is 
the content of an mtuitional experience In the very act 
of naming this pure identity we have necessarily to super- 
, impose determinations, and thus malce it intelligible and 
communicable by associating it with what it is not 
Hence it is indispensable, for whoever seeks to realize the 
Pure Being, to think without language and thus have an 
immediate vision of the Real The Real in so far as it has 
to conform to the conditions of conceptual thought must 
suffer an inevitable distortion and so in place of the Thing- 
in-itself, we are left with its phenomenal replica 
or shadow, while the Real reduces itself to a merely 
problematic concept Consequently so long as there is 
the need of communication through the ordinarily recog- 
nised channels of spoken or written words the intellectual 
refraction of the Real will remain at best only symbohc 
of what cannot conform to the conditions of conceptual 


knowledge 

If this IS a true account of the unqualified monism of 
the school of Shankara, its opposition to the idealistic 


metaphysics of Hegel and his followers 
Hegel on Pure oppeaTS to be unmistakably strong If 

Being 1 j XT, 

there is anything which can be said witfi 
absolute certainty about the Hegelian Absolute, it is this 
that It IS not an immediate indeterminate being / ^ ^ay 
not be possible for us to know the Absolute in all its deter- 
minations, yet It is not essentially indeteiminable or un- 


/ 
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knowable His ciiiicism o! Pure Being with which the 
Logic begins centies lound 311st those elements m it which 
aie so valuable for the intiiitionist He counts this pure 
being to be the isolation of an abstraction which results 
fioiu Being and Nothing iieing placed out of touch with 
each other Following the Kantian clue that what is real 
must conform to the conditions of conceptual thought and 
the mheient structuie of reason, he develops a system of 
logic which claims to unfold the general structure of the 
entire univeise, and to speak of a thing which is essential- 
ly inconceivable is, for him, an indirect admission that 
it is not mthm the universe of reality The mystic and 
the agnostic may wax eloquent on the indefinability and 
the unthinkability of the Absolute, and revel in the inscrut- 
able mystery vdiicli enshrouds the innei essence of the uni- 
veise But the philosopher can ill afford to lay aside the 
principles of thought and reason, underlying as they do 
all oui assertions, positive and negative, and the vahdity 
of which therefore is presupposed in the very act of deny- 
ing them Hence the categoiies or laws of thinking, far 
from being like blinds which shut out the Eeal from our 
vision, are also the chaiacteiistics of the Absolute They 
are not merely the definitions of the Real from the human 
standpoint, then function is not to present befoie us the 
disfigured picture of the essentially indefinable 01 a mere 
lefraction of what is essentially beyond the categories On 
the contrary, they are the Absolute For him it makes no 
difference whether we say that the categories are the 
Absolute or that they are definitions of the Absolute, be- 
cause, the ordinary conception of knowledge according to 
which our knowledge has to copy or represent a thing 
which IS outside oui mind being a sheer misconception of 
the nature of knowledge, the question of refraction or 
disfigurement together with that of correspondence" does 
not arise at all The indignant protest which the long 
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line of post-Kantian pliilosopheis beginning with Fichte 
enter against the Thing-in-itself aiises precisely from the 
distinction which Kant could never get rid of between the 
world of knowledge and the world of faith, a distinction 
which IS supposed to be entirely inconsistent with the 
general trend of the transcendental logic And Kant’s 
sad failure to keep the Thmg-in-itself entirely free from 
the vitiating touch of the categories is generally taken to 
be an instructive discomfiture for every type of agnosti- 
cism So the common article of faith which binds together 
the philosophers from Fichte onward into a sort of 
philosophical fraternity is that the essentially inconceivable 
IS absolutely non-existent, for that which cannot stand as 
the subject of a significant proposition is a mere naught 
or void, and so when we indulge in the agnostic’s talks 
about the Real, we only amuse ourselves with empty 
words Here we are in sight of an essential agreement 
between the critics of Shankara and the Hegelians The 
theistic Vedantists of the Vaisnavite school and the logi- 
cians, as we have seen above, make a common cause 
against Shankar a in rejecting as meaningless a featureless 
Absolute which by reason of its inconceivability cannot 
be the object either of perception or of inference and 
agama Hence the pure Absolute, they point out, is not 
pure in the sense of being entirely above all determina- 
tions Its puiity simply signifies its freedom from the 
ordinary qualities^ 

How would a Shankarite reply to these objections^ 
To undeistand this we must put m a word on the Vedantic 
Aposs^blere- psychology ot minjl In common with the 

pir to Hegel Samkliya philosophers, the Vedantin dis- 
__ tingiiishes pure consciousn ess from btiddli t 

l- Ramonma, 

V^^dantatattvasar 
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and its modifications Biiddln, for Samkliya is by itself 
unconscious andTso are its modes These mental modifications 
appear to yield knowledge of ob3ects, simply on account of 
the proximity of hvddJn to pure consciousness But the 
mental modifications being mere changes in btiddhi cannot 
by themselves reveal the ob3ects, though they are the indis- 
pensable intcrmediaiies through which pure consciousness 
can come into relation with extra-mental things Here 
the only distinction between Samkhya and Vedanta 
consists m this that the latter, instead of admitting the 
actual independent existence of bnddht as a co-ordinate 
reality by the side of pure chit, looks upon it as a mere 
ad3unct super-imposed on the chit For Samkhya what- 
ever is not chit belongs to the unconscious 'prakriti which 
is a separate principle co-ordinate with purusha For 
Shankara whatevei is an ob3ect of knowledge is an un- 
conscious entity which is not only falsely identified with 
the self, but is also grounded on an unreal principle 
Apait from this ontological diveigence Shankaia agrees 
with the Samkhya philosophers in his psychological 
analysis of the functions of the diffeient factors involved 
in knowledge The self which is eternal consciousness 
IS the ultimate source of all knowledge, the mental modi- 
fications which are involved in the knowledge of ob3ects 
being themselves revealed by consciousness cannot reveal 
the sub3ect consciousness That is, the Pure Ego is never 
revealed through mental modification or sm inas- 
much as It itself IS the revealer of all objects Hence the 

necessity of knowing the ultimate knower in the state of 
an extraordinary vision or ecstasy The senes of mental 
modifications which are necessarily involved in ordinary 
knowledge must be laid to rest before the self is known as 
the universal subject and not merely as an object 

However fantastic such an account of Self-conscious- 
ness may appear to be,— and it has been called a monstio- 
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c;ity 1 — there does not seem to be a less fanciful and moie 
scientific solution of the problem How is the knowledge 
of the knower possible? — ^has been one of the insoluble 
problems of occidental philosophy since the Kantian criti- 
cism of rational psychology ^ Shankara’s solution, whether 
it IS accepted as final or not, does indicate a way out of 
the difficulty, and incidentally brings out a unique feature 
of Indian Absolutism From this standpoint, to know 
the sub 3 ect is to be the sub]6ct, since the slightest duahty 
IS sure to convert the subject into an object, and then in 
place of the Pure Ego we are left with the empirical self 
only Hence the impossibility of knowing the subject 
through ordinary knowledge which cannot dispense with 
the duahty of subject-object, the subject on the one hand 
and the presentations on the other This brings us to the 
leplv which a Shankarite would make to a Hegelian You 
cannot grasp, he would say m effect, the Pure Being or 
'ohe indeterminate Absolute since your analysis of self- 
consciousness which yields the fundamental principle of 
unity in difference does not actually solve the problem 
Instead of admitting the insolubility of the problem on 
the basis of your epistemological method, you have simply 
taken the duality as an inevitable paradox, an eternal 
novelty^ or a standing enigma,'* and then on the basis of 
this admitted mystery, you discover the Absolute to be an 
Identity in Difference As you have pledged yourself to 
the discovery of the Absolute through conceptual thought, 
and as the categories which are the indispensable instru- 


g jhj Prof Deussen, The System of the Vedanta, p 90, n 
“Of specially Dr James Ward’s very mstruotive analysis of 
Self-consoiousness and his conclusion that the subject though 
•within experience cannot be an object of kno-wledge — Psychologi- 
cal Principle, Oh XV 

’Bosanquet, Contemporary Philosophy, p 104 
Oaird, Hegel, p 149 
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ments of such thinking contain identity of opposites, the 
Reality is distoited in being forced ‘into the conceptual 
machinery Indeed, the mystery is mainly due to the 
necessity of thinking vath the iielp of language, it is this 
which IS rospon‘5ible for the difficulties which have taxed 
the intelligence of thinkers in the west since the fourth 
century n o vdien the pu77le about the Lav/ of Identity 
was started by Antisthenes (he Cynic Judgments which 
are recognised to be the units of thought oscillate between 
abstract identity or tautology and mere difference or pure 
negation, and the paradox of infcience manifests itself 
in the conclusion going out of yet remaining within the 
premises The Pme Identity, then which is a false 
abstraction from the standpoint of conceptual knowledge 
—and It is Hegel’s merit to have made it clear for all tune 
— ^would be perhaps the highest reality if the demands 
made bi the i)hdo<;opheis of India, specially b'^ Shankara 
and Patan 3 ali had been really met It is an entirely 
different question how far those demands can be really met 
within the range of philosophy, and Hegel at any rate 
would be the last person to believe in the superior authority 
of a philosophical supeistructuie which is built on a 
universal scepticism about the efficiency of thought and 
reason An Absolute v/hich does not reveal itself in the 
terms of thought is, for him, a mere v/ord Hence, while 
former metaphysics, in the words of Prof W Wallace, 
had dashed itself in vain against the reefs that girdle 
t e island of the supersensible and noumenal, the supposed 
world of true being,” he substituted for “ the distant and 
transcendent Absolute which was the object of older 
metaphysics an Absolute self-reveahng m the terms of 
thought This brings out, with an unmistakable preci- 
sion, the wide gulf which separates Indian absolutism from 

^Prolegomena io HegeVs Logro, second edition, p 387 
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that type of idealistic speculations which became the 
common property of thinkers from Hegel onwaid 


THE IDEA 

Whatever may be our final attitude to the problems 
raised above, this should not prejudice our judgment about 
the facts Hegel could never svmpathise vnth Shankara 
when the latter insists on the puie unity of BraJiman, for 
this m the absence of determinations is a simple blank 
vacuity which can explain neither itself nor its ' other ' It 
does not matter, he points out, whether their abstract iden- 
tity be named space, or time, or pure consciousness, ego , in 
so far as it is an abstract absolute, it lacks the condition 
of a synthesis, which consists in mediation or a reference 
to another , “ it is quite the same thing as what the Indian 
names Brahman, when externally motionless and no less 
internally emotionless, looking years long only to the tip of 
his own nose, he says within himself just om, om, om, or 
perhaps just nothing at all Tlus dull void conscious- 
ness, conceived as consciousness, is Being ^ But to plant 
ourself thus fast in the abstract absolute is an impossible 
feat for thought, thus “ Parmenides with his illuston and 
his opimon must consent to omi an opposite of being an 
of truth, as, similarly situated, is Spinoza with his attri- 
butes, modes, extension, motion, understanding, will, etc 
The synthesis involves and shows the untruth of t ose 
abstractions, in it they are in unity with their other— not, 
therefore, as self-subsistent — not as absolute, but 5 

as relative ”2 Knowledge, for Hegel, cannot find se - 
‘ fulfilment in this abstract identity of pure being, ds^iaea 
cannot be a thing existing “ not under relation, 

1 Dr J H Stirling, The Secret of Hegel p 233, 

* Ihid, p 234 
63 
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duality IS the very essence of intelligence^ Its ideal is 
rather to be found in " tho puie transparent identity-m- 
differencc of self-consciousness , and consequently, the 
absolute idea is the idea of “ a self-consciousness which 
manifests itself m the difference of self and not-self, that 


through this difference, and by overcoming it, it may attain 
the highest unity with itself” Indeed this description 
of the Absolute has lieen unanimously accepted by occiden- 
tal philosophy from the time of Hegel onward, and it has 
completely replaced the agnostic description of a relation- 
less Absolute The Absolute, sais Bradley, is an indivi- 
dual and a system, and it is one in this sense that its 


diffeiences co-exist harmoniously v/ithin one whole, beyond 
which there is nothing 2 “ Our Ab'^olute.” he points out 

* It lias teen niRcd that the self-evistent Bialiman is inde- 
pendent of time space and cause In. emphasising the 

indenendence of causal lolations, Brahman is represented to he 
an ansolutelv static being fiee from all the laws of becoming of 
wJuch the univeisnl niln is causalitj Tins wav leads to 

misconceptions - Tliere is no change in Brahman though 
all Paange is based on it The comprehension of this pro- 

lound philosophical synthesis cannot be obtained so long as we 
remain at the level of intellect It deals with lelations and can- 
Saasp the rclationless absolute But there is nothing on 
space or time which is not an appearance of the 
absolute JNo Imou ledge is entirely false, though none is entirely 
tnie —Prof BadhaKnshiian Jv^mn Philosophy I n IT5 It 
is however necessary, in view of what has been said above, to 
distinguish this interpretation fiom the Vedantic thought as 
repiesented by Shankap who is uevei tiied of insisting on the 
frn™ + 1 ° 0 / the woild of appearance when regarded 

It esoteric knowledge Shankaia’s absolute, 

no to lepeat, has as little room foi space time 

'mind of the Thing-i!a-itself The BrahmSn is the 

who Standpoint of those 

S IS emiallv knowledge On the other liand 

believrin n “ ^^memher that Hegel at least could not 

throimh synthesis ” which has to he achievod 

iiough sometJiing other than the Telatmg intellect HnoWledo-e foi ’ 

re'dSeiencf \ Pei feet knowledge, 

- the current 

togfSTn a^Hanjfor 
“ Appearance and Peahty, Part II, Oh 2 



ABSOLUTISM OF SHANKARACHARYA 


419 


“is DO Thing-in-ifcself It is against this empty tran- 
scendence and this shallow pantheism, that our pages may 
be called one sustained polemic The Absolute is no 
sundered abstraction, but has a positive chaiactei The 
Reality itself is nothing at all apart fiom appearances “ 
The contrast of such an Absolute with the Brahman of 
Shankara is too cleai to be mentioned in detail The 
shghtest difference is absolutely incompatible with the 
pure unity of Brahman, and the synthesis of subject and 
object upon which the Vedantic monism is ultimately 
founded is not simply a transparent unity m the Hegelian 
sense, and so not within the capacity of intelligence It 
it rather to be lealised through an extraoi dinary type 
of vision ^ To lose sight of this contrast is to court mis- 
understanding, and contusion We must admit that the 
tendency of Shankara’s philosophy is mystical, if we agiee 
with Prof A Seth Pringle-Pattison,^ in describing it as 
the tendency “ to exalt the divine above all piedicates, 
making it literally the unnameable, the ineffable, the un- 
Icnowable ” , and however indistinguishable it might be 
from nothing, it is yet the highest oi i ather the only 
Reality foi the intuitionist To put this contrast biiefly, 
the Absolute of European philosophy tianscends the finite 
in the sense of being moie of the finite It is simply the 
finite at its best The Vedantic Absolute, on the contrary, 

IS transcendent of the finite in the sense that it completely 
annuls the finite According to the latter, finite self is 
an appearance in the sense of being a mere illusion, while 
for the former it is an appearance in the sense that it 
points to a fuller leality ^ _ 

*• Pi of Max Mullei then is perfectl 5 nglit irhen he says that 
“ this constitutes the unique chaiaetei of the Vedanta 
vre have once grasped that synthesis, ue Ivnoiv the Vedanta 
The Sit Systems, p 170 

2 The Idea of God, p 220 , r x . 

3 Cf “ The common appearances of oui lives— of matenal 
things of conduct, and of institutions all carry us a ceitain vay and 
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The relation bcUvcen Xlcgel and Shankara in respect 
of tlieir philosoplucal views, it has been our endeavour to 
make clear, is one of unreconcilable opposi- 
aomo ntiampta tioii This, VC liavc made an attempt to 
nt rcconciimtion coniiexion With tlicir philosopliical 

methods as well as the results which ifollow from them Ir 


fact, their conceptions of the Absolute could not have any 
essential points of contact in view of' the divergence of 
their philosophic methods A pliilosophy that begins with 
a damaging criticism of conceptual thought is not likely 
to have any substantial agreement with another which is 
inspired by a staunch faith in the potency of reason and 
the universal validity of the principles of thought The 
histone importance of Indian Absolutism therefore con- 
sists m its being one of the types of anti-mtellectual retorts 
which, like the Bergsonian retort of our time, have their 
moorings in a deep inisology or the distrust of the power 
of conceptual knowledge to reveal the innermost essence 
of Reality Hence Shankara invokes the aid of an imme- 
diate experience for knoivledge of the Real We may put 
these contentions in a clearer light by noticing an interest- 
mg, though to om' mind misleading, tendency to mitigate 
the antithesis between intuition and reason either by look- 
ing upon intuition as the mown of reason, or by consider- 
ing reason as the truth of understanding The former 
line of reconciliation is suggested by the Indian view of 
the three stages of shravan, vianan and mdidhyasan m 
the complete realization of Truth, and this may be made 


The anf Value, p 226 

So? rS on, arises out of con- 

lofiU U facts bleak down at a certain 

Tmele 4? conrlnded that tbe world of appearance is 

tors Gofto ow "&.r t "f “> ‘od 

remains a verp positively construed 

ances ” TTi^VoIup ^ Absolute with its appear- 

■L he Value and Destmy of the In^tvidual, p 2T0 
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the basis of insinuating the epistemological inferiority of 
a system of philosophy which is limited to only one of these 
three indispensable stages of knowledge On the other 
hand, the Hegelian distinction between the standpoint of 
reason and that of under standing, is sometimes m,ade the 
occasion for the distant suggestion that Hegel, by 
recognising the stage of reason beyond that of understand- 
ing recognised the partial truth implicit in the Pure 
Being of intuition Thus it has been uiged,^ that “ the 
East IS apt to believe that only identity is real, and that 
differences are illusory — ^which is m fact explicitly stated 
in the doctrine that only the one is and that the woild of 
difference and multiplicity is Maya, illusion Its formula 
IS A is A ” But this formula, it is pointed out, is “ the 
work of understanding ” The Hegelian pimciple of 
reason, on the other hand, is the principle of the identitj 
of opposites which “ does not oppose, but includes, the 
principles of the understanding It onlj' opposes the one- 
sidedness of understanding” In face of such a dis- 
paraging criticism winch is in fact suggested by Hegel s 
treatment of the categoiy of being, the Hist impulse of 
those who think that the only wa} of 3ustifying the study 
and estimating the value, of Indian philosophj is to ex- 
tract out of it the quintessence of European thought will 
be to repudiate this identification of the abstract identitj 
with the Vedantic Absolute and declare that " the 
Vedantic Absolute is not the abstraction of an etre 
sup7^me which deletes all differences but is a spirit that 
transcends and at the same time embraces all living 
beings ” “ The Maya theory simply says that we are 

undei an illusion if we think that the world of individuals, 
the pluralistic universe of tthe intellect, is the absolute 
reality”^ This declaration, however, as we have indicat- 

’ Mr W T Stace, The Vhilo<iophy of Beqel, p, 103 

’Prof Contemporaiy Ph^lo'iophy p 445 
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eel above, can hardly be an unpre3uchced account of the 
Vedantic Absolutism It not only runs counter to what 
IS explicitly taught by Shankaia about the Absolute being 
entirely free from all the conceivable types of difference, 
but IS furtliei ii reconcilable with his conception of salva- 
tion or emancipation as the immediate consequence of 
right knowledge realised only in the intuitional experience 
of identity Tt is again a seiious misiepiesentation of the 
Maya theory, tliough it maj help us to lead the Hegelian 
tlieoiy of transcendence into Vedantism, to interpret 
Maya as the iiiclividuars confusion of the lelative with the 
absolute, foi here too we have very explicit statements 
which unmistakably point to the Absolute unreality of 
the world of multiplicity Maya, it must be remembeied, 
is foi Shankara the material cause of the phenomenal woild 
which includes eveiything except the pure chit, and not 
simply a sub3ective confusion At the dawn of right 
knowledge its true charactei as pure nothing is realised, 
and with this realisation vanishes the belief of the reality 
of the phenomenal world Thus the abstract identity, 
however defective it may be fiom the standpoint of concep- 
tual knowledge, is the highest tiuth fiom the view-point 
of intuition The distinction between these two stand- 


points IS a vital aspect of Shankara’ s momsm One is 
skastia diisti, which may be translated for our present 
purpose as the standpoint of intuition, and the Other is 
yiehu diisti or that of oidmary Imowledge According to 
the former Maya nevei existed in the past, does not exist 
in the present and will not exist in future, but as judged 
in the light of the lattei knowledge it is both the material 
cause of the world of multiplicity as well as the cause of 
our false ]udginent It is then entirely unpiofitable, and 
perhaps unnecessary too, to defend the Vedantic Abso- 

hS, ™ fai-fetched interpretation on tlie 

g an line which it can haidly bear , for, if there IS any 


ABSOLUTISM OF SHANKARACHARYA 


423 


7 

point -u-hich may lie fairly taken to be the cential core bf 
Sliankaia’s teaclmigs it is the unity of the Brahman 
which excludes, and not simply tianscends, all dilferences 
Hegel might 30111 hands with Shankara in so fai as the 
lattei holds that the Absolute is a unity which is above all 
differences and in leference to which we must account for 


all these diffeiences, that it is not a finite thing in the 
demociacy of othei finite things 01 a God which is yet to 
be, that the distinctions between spirit and matter, subject 
and object aie not absolute But when Rhankaia, not 
satisfied with the ideal of rational 01 conceptual know- 
ledge would proceed to point out that this unity is an 
absolute identity in which all diffeiences disappear, Hegel 
would surely experience a severe revulsion of spirit as he 
did in the presence of the Schellingian Identity The 
Biahman, he would then point out, is the unity of sub- 


stance rather than of spirit 

If then it IS a mistake to interpiet the Vedantic Abso- 
lute as the ideal of reason which for Hegel was an identity 
in difference, no less serious is the eiior of thinking with 
the ciitic that the Vedantic Identity is no better than the 


abstract identity of understanding The piinciple o con- 
tradiction which necessaiily leads thought to deteimme 
01 mark off one thing from another, and which accordmg 
1} emphasises the self-identity of things in their abstr^t 
exclusiveness may stand in need of correction 10m e 
standpoint of reason which brings out the impossibility 
of sepal ating one thing from another so completely as to 
make their relation disappear But the Identitj w ic 
IS realized in the intuitional experience is express y 
ed to be unthinkable and consequently the pro 
differentiation and relation cannot be fitly ^^nVier 

connexion Two things may differ fiom eac 0 

m their sputlal petitions or l^mporal looat.ons or meldy m 
their conLte But these distinctions esnnot be relevant 
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to wiiat IS infinite in the sense of being fiee from these thiee 
types of limitation, or desh-Kal-mstu-'pcinchhedshunya 
In other words, the pnnciple of contradiction which has 
universal application in the world of plurality or multipli- 
city IS surely a half-truth in so far as it accentuates 
difterence exclusive of relation, and so it was Hegel’s great 
merit to have brought out the seciet of the intellectual 
niechamsm which in the very act of differentiating also 
unifies But this is entirely irielevant when we have to 
refei to what is beyond the mechanism, 'when, the reference 
IS to that winch though unthinkable is still lealizable in 
experience The merit of Hegel we are then persuaded 
to belieie, so fai as the piesent problem is concerned, is 
to be judged not with leference to ins distinction between 
understanding iind reason, but only in connexion 'with 
what he says against the indeterminate or the Thing-in-. 
itself 

A similar confusion appears to lurk m such state- 
ments as that “ the weakness of the XJpanishads bes in 
this that the synthesis is leached not by explicit reason 
but by intuition If reason is thought, then to contiast 
the intuitiona.1 synthesis with the synthesis of reason seems 
to be as absurd as to contrast to use Dr Ward’s example, 
what occurs in a given day xvilh what occurs outside of 
a given door That is, we can contrast a thing or event 
"mth another only in so far as tbej'^ belong to a single con- 
text of leference, but when the Absolute is supposed to he 
unthinkable reached not by reason, we cannot possibly 
institute a comparison between the rational and the ^ 
•intuitional synthesis It should be however distinctly 
understood that this does not mean that the intuitional 
synthesis is above all criticism Wliether it is so or not 
it is none of our piesent purpose to discuss What we 


Prof RadhalvTishnan, hxhan Pinlosophy, I p 264 
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contend for is that an impartial criticism of intmtionahsm 
should not seek a common ground by attributing to -it 
what it expressly denies So when it is urged by the 
mtuitiomst that what is absolutely beyond thought and 
speech can yet be reahzed in a living experience, it is not 
to the purpose to point out that the synthesis is not reached 
by reason, all that we can do is to consider how far the 
immediacy of an experience has a higher truth-value than 
the systematic coheience of thought This, as we have 
ventured to suggest on another occasion,^ is the root dis- 
tmction between the Hegelian and the Shankarite stand- 
pomts 

To turn now to the second type of reconciliation, it 
has been urged that the thinlang consideration of things 
which is identified with philosophy in the West is only a 
stage m the complete lealization of truth Tor the 
development of a'pai ohsaiuibhuti rational discussions form 
only a propsedeutical measure of self-disciplme Their 
function as to remove the sense of impossibility about the 
revealed truths,® and thus prepare the way to the actu^ 
experience in which alone ‘ leality ’ is apprehended wit 
an immediate or intuitive certainty It is such expr^ 
Bions as these which apparently lend countenance to t e 
view that intuition is the crown of reason or that lationa 
knowledge seeks self-fulfilment in something beyon 
reason On closer inspection however it may be discovere 
that the Indian position does not admit of such an 
pretation, firstly, because it runs counter to the exp ici y 
misological tendency which, as we have noted a 
characteristic of the orthodox systems m genera 


’ The Method of Indian Absolutism, a paper re^ 
session of the Indian Philosophical Congress 

' Thus Madhusudan describes as §tfr 5m- 

1 Com to Gita, VI 8, of also v n. 
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Vedanlism in paiticulai Shankara ig emphatic on the 
inefficiency of unaided reasoning ^ The strength of 
his conviction in this respect is evident from his 
reply to a possible objcctioii which, — and the was too 
acute a thmlcer not to have seen it, — goes to the very 
root of the matter Every serious quest of truth which 
begins by a repudiation of the claims of thought must sooner 
or latei face the problem if in the very act of proving the 
incompetence of thinking oi reasomng, the validity of proof 
and consequently that of intellectual processes in general 
IS not presupposed Thus Bergson anticipatmg this 
inevitable ob3ection asks if there is not a vicious circle 


involved m his attempt to go beyond intelhgence ^ 
Shankaias reply to this and other allied objections, as is 
well-lmown, is that reasoning, based as it is on ordinary 
perception and inference, is incompetent to grasp the 
abstruse nature of the ground of the universe, so in such 
matters its validity has to be ascertained by examining 
how far its conclusions are supported by the Holy Writ 
which m turn needs no proof Whether satisfactory or 
not, this reply mdicates Shankara’ s implicit faith in the 
antmtional experiences Excessive Intellectualism, he 
says an effect, is not fit for deciphering the mystery of the 
universe Discussions and debates however have a func- 
tion in so far as they are measures of self-discipline mdis- 
pe^able for that profound transformations of our ordmary 
babits and dispositions leading to the mtuitional ex- 
periences This brings us to the second point in our 

explicit rejection of the Yogic 
method of knowledge, together with what he sSys 

g ^the need of reasoning is sometimes supposed to 

’ Compare speciallj', S B 11 

Creative Evolution p 202 Of . 

s Bhasya,!!! 11 ^ ^ I 
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be a sufficient proof of his respect for reason, and 
so It IS contended that he at any rate does not found 
his philosophy on isolated intuitions The method 
suggested by him is rather, it is said, that of reason- 
ing which when conducted in the right spirit gives 
birth to intuitive certainty It is through jnanam and 
not yoga 'that one is, according to Shankara, to acquire 
certamty 'Now, it is true that the yoga and jnanam are 
sometimes described as two dffierent methods of reahza- 
tion^ It will however lead to serious confusion of issues 
if we interpret this as indicating Shankara ’s rationalistic 
tendency He could not surely have failed to notice the 
absurdity of blowing hot and cold in the same breath 
When he accepts 'jnanam as the only method of realization, 
he does not leave us in doubt as to what he means Jnanam 
he describes as the ascertainment of what is laid down in 
the Shastras qftsiw) and it does not become 

tijnanam till the things are actually intuited So it is 
apparently unquestionable that the Yogic method and 
that of Shankara do not differ from each other in so far 
as an ultra-rational and super-sensuous experience is 
advocated by both as the highest authoritv Shankara 
however finds in reasoning an indispensable instrument 
leading to the development of that experience Eeason- 
mg or discussion, if left to itself, caimot produce absolute 
certainty, for any proposition can be rationally defended 
provided we have the necessary forensic gift All it can 
really achieve is to strengthen our belief in what is laid 
down in the Shastras by showing that the rational con- 
clusion does not contradict Revelation In other words, 
there are, according to Shankaia, thiee stages in the 

* Cf eq Basistha — ^ I 

^ 'TfU. fSm U — quoted by Madhusudana, Com 

io Oita, VI 29 
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development of belief, and reasoning which is necessary 
at the second stage has the negative function of removing 
doubt about the truth of the revealed dogma But belief 
cannot reach the intensity of absolute conviction till the 
rational conclusion forms the content of a living ex- 
perience Heie seeing is believing 


A PROBLEM 

The conclusion tlien seems to be inevitable that the 
Indian view of the relation between intuition and reason 
is one of irreconcilable opposition Intuition might be 
the crown of reason only if reasoning conducted in an 
absolutely impartial spirit had for its immediate effect 
the intuitional conviction But this it cannot do, for 
unaided reasomng upon metaphysical subjects is sure to 
lead to antinomies Accoidinsh , Shankara has bo warn, 
as Kant does at a later age, that a truth-seeker should 
avoid the ti anscendental illusion of applying the ordinary 
means of knowledge to things which are strictly meta- 
physical, and inasmuch as reasoning is one of these 
ordinary methods of knowledge it must be always sub- 
ordinated to intuition Here arises a problem of vital 
importance It has been pointed out by the critics of 
intuitionalism that in so far as it has to appeal to a 
subfective conviction as the highest authority, intuitional- 
ism stands self-condemned ^ For no theory of knowledge, 


i ® ^ ^ ^ Montague, « The Medieval monfcs, 

^ Mohammedan demshes, and the 

^ Scientists of onr own day are hut a few of those whose 
souls Lave been flooded with an inner light bringing conviction to 
“n ^”i^ com age to the heart That each 

tout'll ft atiiilnite the power of his mystical etspenence 

enoueh hut nf ^ tnith of his particular creed, is natural 
p 59 ’ ^ ^ ^ ° logicBi significance ’'—The Ways of Knowing, 
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it IS urged, can have a claim to our assent which fails to 
distinguish between the psychological and the logical 
validity of an assertion This, however, leads us beyond 
the scope of the present essay which is primarily intended 
to expose the error of reading Hegelian absolutism into the 
philosophy of Shankara 
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4 AYODHYA IN THE PURANAS 
A The Surta Vansa 

Ayodhya is pie-eminently the capital of the Solai line of 
kings ‘ The most salient featuie that appeals on a compaiison 
of the genealogies is the gieat length of the Solar dynasty 
of Ayodhya ’ * Prom the table given at pages 455~457 
it will appear that it contains 123 names, 93 of which ruled 
before the Great War and 30 afterwards Even when the 
Y^hole of Northern India was overrun by hordes of Sakas, 
Pahlavas, Kambojas, etc , and every kingdom in the north- 
west and the Madhyadesa had fallen, the Koshala line went 
down for a time only but was re-established ‘ Other 
dynasties were not so great and important contvnxmisly as the 
Solar monarchy and their lists are not handed down with 
the same veneration and fullness Mi Pargiter says 
that Koshala from its eastward position escaped various 
calamities that befell the more westerly kingdoms® I am, 
however, inclined to think that it was a succession of power- 
ful sovereigns who wielded the sceptre of Koshala for 
several centuries and kept foreign invaders at a respectful 
distance, that gave to the seat of their government the 
cognomen of Ayodhya, the Invincible, and not its eastern 
or any strategic position, and it was only after the devastat- 
ing Great War wluch “constituted a notable tex minus ad 
quern, as if a period of considerable prosperity, _knowledge, 
and refinement was succeeded by one of disorganization 
and darkness,” ■* that the Solar line in common with 
the whole of India began to show signs of weakness till its 
extinction after the Great Revolution m the leign of Maha- 
padma Nandaoi earlier, after Avhich Koshala seems to have 
been included in the Sishunaga and the Mauiyan Empires 

* J R A S , 1910, page 9 ’ J R A S , 1910, page 10 

’ J R A S , 1910, page 11 * J R A S , 1910, page 54 

66 
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Even in (he Mahabhaiata the Solai line plaj^ed a small pait 
and seems to have suffeied an eclipse during this period, 
piobably caused by Jarasandha * 

This dynasty commenced accoiding to Bentley, who 
based Ins calculations on the data in the Gi ahamanjm i, in 
the yeai 2204 B C * ilanu was the common ancestor 
of the Solar and Lunai lines, of the formei through his son 
Ikshvaku and of the latter thiough his daughtei Ila Manu 
founded the city of Ayodhya and hai ing defined the boun- 
daiics of the kingdom of Koshala gave it to Ikshvaku 
Ikshvaku’s supremacy seems to have extended ovei the 
greatei pait of Northein India, foi we find that one of his 
sons, Eimi, established himself in Yideha and founded the 
Kingdom of Mithila and another Dishta (or Kedishta) founded 
Yishala on the Gaudak Mr Paigitei assuming tlie date 
of the Great Y''ai at about 1000 B C and disagreeing with 
Dunckei ‘who gives 4 calculations lor the beginning of the 
Kali age, that is, appioximately for the date of the great 
battle, mz , 1300, 1175, 1200, and 1418 B C ’ remarks that 
Ayus, Nahusha, and y ayah, who are alluded to in the Rig 
Yeda, vould be placed not latei than some twenty-thiee cen- 
turies B C In the lists given at page 27 of the J R A S , 1910, * 
to which fiequent reference has been made by me, Ayus of the 
Lunar race in the oidei of succession coi responds to Sashada, 
Nahusha to Kakutstha, andYayati to Anenas Mr Pargiter’s 
estimate tlieiefore closely coriesponds to Bentley’s date 
The date of the Mahabhaiata, howevei, is still sul) judtee 
Rai Bahadui Siish Chandia Basu, Yidyarnava, in his 
learned aiticle on the ''Date of the Mahahhayata Way'^ 
has gone through the question carefully and comes to the 
conclusion that the Gieat AVar occuried nineteen centuries 
before Christ 

’ J E A S , 1910, page 323 ” " 

Astattc Researches, Vol, VIII 

Sacred Books of the Hindus — th& Mastya Puranam, Appendix II 
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I shall now proceed to give a short account of such 
kings of the Solar dynasty as weie of any historical impor- 
tance. 

3 Shcishcidci Fiom the Buddhist records 

it appears that the banished sons of the third Okkaka 
(Ikshvaku) lang (Vikukshi) went away towards the Hi- 
malaya mountains, and theie they founded the city Kapi- 
lavatthu (Kapila'vastu), on a site {vatthu, vastn) occupied and 
assigned to them by the Biahman saint Kapila, a previous 
incarnation of Buddha, whom they found dwelling in a hut 
of leaves, on the banks of a tank on a slope of the Himalayas 
in salcasanda, sakamnasanda, ‘ a grove of teak trees 

4 Kakutstha — Paranjaya was the son of Shashada 
and grandson of Ikshvaku In the ever-recurring quaiiels 
between Suras and demons he conquered tlie demons sitting 
on the hump (kakut) of Indra who had assumed the form of a 
bull, and was therefore called Kakutstha — one seated on 
the hump 

5 P) ithu — Accoiding to the Mahabharata, Pnthu was 
the first man who levelled the earth which is therefore 
called Prithvi A slightly diffeient account is given in 
the Hai ivansa and this story is lefeiied to in the first 
canto of the Ktcwcii osambhava Heie the earth is lepre- 
sented as a cow and milked by the gods to produce biilliant 
gems and phosphorescent plants Probably Piithu was the 
first king to intioduce cultivation in India and coriesponds 
to Jamshed of the Persians 

10 Si avasta founded the city of Sravasti 

12 Kuvcdaycisva killed a demon named Dhundhu and 
was therefore named Dhundhumara though he lost a numbei 
of his sons in the conflict 


> JR AS, 1906, page 163 

“ Sravasti is now represented by a mass of rumso ailed Maheth 
on the south bank of the Rapti, 12 miles to the west of Balrampur 
in Qonda distnot 
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20 Ynvanasva II manied Graun, daughter of Mati- 
nara of the Lunai dynastj' (No 20 of the Paurva line) ^ 

21 MandhaUu — He vas a mighty monarch and it is 
said of him tliat from the using to the going down of the sun, 
all that IS iriadiated by his light is the land of Mandliatri, 
the son of TuvanasYa ’ 

22. Pjoulnisa conquered the Gandharvas ^vho had 
oppressed the Nagas It also appears that his daughter 
Puittkutsa was mother of Gadlii (No 30 of the Kanyakubja 
line m Mi Pargitei’s list) * 

25. Anmanya — This king was killed by Havana of 
Lanka in his ‘triumphant progress thiough the nations ’ or 
more liteially, ‘campaign of universal conquest,’ and the field 
of battle IS still pointed out on the site of the present town 
of Raunahi about 14 miles to the west of Ayodhya It does 
not appeal , that Ayodhya was ever invested by Havana or 
his supiemacy was established even temporarily here It 
may, howevei, be noted that Rama in conquering Lanka 
after a fev generations only paid off old scoies 

30 Tiayxjaiuna — This monarch’s reign was maired 
by an unfoitunate incident and the following facts have been 
sifted by Mr Paigiter fiom a mass of myth 

Trayyaruna had an only son named Satyavrata ‘ In 
an outbuist of youthful wantonness he interrupted the 
wedding ceremony of one of the citizens and earned oS 
the bride ’ The offence was not very serious but the king 
misundei standing its real natuie disowned and banished 
him, liib only son Yasishtha knowing the true facts made 
no attempt to set the lang light but allowed the sentence 
to stand Satyaviata quitted the capital Ayodhya and made’ 
his dwelling near a hamlet of dog-eaters but resentment 
rankled unceasingly in Ins mind against Yasishtha, because 

* J R A S , 1910, page 26 
“ Wilson’s V'lslmupurana, Vol III, page 267 
J R A S , 1910, page 26 
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Vasishtha might have taken into ctinsideration that his offence 
did not deseive the punishment meted out to him and should 
have interposed Yasishtha had a reason foi behaTing as 
he did and acted deliberately The king then departed to 
end his days in the forest — a natuiai com se for he must have 
been heart-broken When he had gone, Yasishtha held 
charge of the capital A.yodhya, the kingdom and the royal 
seiaglio — whence it seems that the king had no other son to 
succeed him Yasishtha governed (it is said pointedly) in 
association with the saciificing priests 'and leligious 
teachers ,This is notewoithy Nothing is said about 
councillors oi Ksbatiiyas The admimstration evidently 
passed into a religious legime ‘ 

Then followed a peuod of drought winch lasted 12 
yeais Yasishtha ruled the kingdom during the whole 
period * 

“At that time Yisvamitra had placed his queen and bis 
children in a hermitage in the Koshala country, and had 
departed to the Sagai amipa to perform a long course of 
austerities, the ordeal by ivhich apparently he attained 
Biahmanhood It is said his queen proceeded to sell her 
second son Galava in ordei to provide maintenance for the 
rest during the famine Her residence there must have 
been known far and wide Satyavrata interposed, and 
rescued and supported the son his motives were two, a 
desire to please Yisvamitra and compassion for the boy. 
Yisvamitra s favoui was obviously worth winning in Satya- 
vrafa s desperate plight, for Yisvamitra was a man of com- 
manding position and cliaiacter, both as king of Kanyakubja 
and as one who aimed at Brahmanhood Satyavrata assum- 
ed the burden of supportmg Yisvamitra’ s family, and 
provided them with food fiom the spoils of his hunting, 

^ J R A S , 1913, page 695 
J R A S , 1913, page 896 
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showing them the highest respect as befitted their rank and 
his own, foi he had become king by right on his father’s 
abdication ' 

‘ Dm ing the intensity of the famine, Satyavrata killed 
Vasishtha’s cow to obtain food for himself and Visvamitia’s 
family This aroused Yasishtha’s wiath wdio thieatened 
him vith vengeance and stigmatized him as the man of three 
scinJi,vs or sins, whence tlie name Trisanku wms given to 
him 

At the end of twelve years, Visvamitra returned aftei 
completing Ins austerities and wms then a mum In grati- 
tude he offered Satya\iata a boon Visvamitra inaugurated 
him in the kingdom and offered sacrifice for him in spite of 
the gods and Vasishtha This shows that Yasishtha though 
virtually king of Ayodlij a could command no support either 
from the army or from the people and as soon as Yisvamitra 
(who combined in his person both famous kingship and 
Brahmanical eminence) advocated Satyaviata’s right, Yasi- 
shtha’s dominion crumbled to pieces ^ 

Yasishtha thus lost both the langdom and the position 
of the king’s piiestand must have been tiansported with rage 
against Yisvamitia The only way of levenge open to him 
was to deny Yisvamitra’s Biahmanhood It is needless to 
say that Yisvamitra tiiumplied in the long run 

31 Tiisanlu — The story of Trisanku is desciibed 

in the Yalmiki Ramayana, Book I, cantos 57 — 60, and may' 
be summarised as follows — 

Trisanku was a good king, but desiring to celebrate a 
saciifice by virtue of which he could go up to heaven 
in his mortal body, lie requested his family priest Yasishtha 
to officiate for him , on being lefused he next requested his 
hundred sons who also rejected his absuid proposal He, 

’ J R A S , 1913, pages 897-98 
“ J R A S , 1913, page 900 
’ J R A S , 1913, page 899. 
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therefoie, called them cowardly and impotent and was in 
leturn for these insults cursed by them and became a 
chandala "While he was in this wi etched condition, 
Yisvamitra, whose family Tiisanku had in times of famine 
laid undei deep obligation, undeitook to celebrate the sac- 
rifice and invited all the gods to be present They, however, 
declined, whereupon the enraged Visvamitra by his own 
power lifted up Trisanku to the skies with his cheiished 
mortal body He began to soar higher and higher till his 
head struck against the vault of heaven when he was hurled 
down head foremost by Indra and tlie other gods The 
mighty Visvamitra, however, arrested him in his downward 
couise, saying “stay Trisanku” and the unfortunate 
monarch lemained suspended with his head towards the 
earth as a constellation in the southern hemisphere ' 
The only leasonable explanation of this fact is that Visvamitra 
gave him celestial dignity by naming a constellation Trisanku 
after him His queen was a princess of the Kekaya race 
32 Hanshchandt a — Of all the kings of A 3 odhya 
who preceded Sri Ramchandra, Harishchandia is the most 
famous The story of his stiict adheience to truth even at 
the sacrifice of all that was deal to him is the subject of 
several Hindi plays which are deservedly popular throughout 
the country The Vedic version on which the Puianic 
stones aie based is, however, different and I must again 
refer to Mi Pargiter’s learned ailicle in the J R A S , 1917, 
in which the historical value of the episode is discussed 

“ King Harishchandra was childless and made a vow 
that if Varuna would bestow a son on him ho would sacrifice 
the son to him Accoidingly he obtained a son Rohita, 
and Varuna demanded the saciifice as soon as the babe was 


' The saliva flowing in torrents from his mouth is said to 
have produced the river Karraanasa which now forms a part of the 
boundary between the United Provinces and Bihar 
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born It ■\vas coitainly an extiaordinaiy vow, to promise 
to saciifico Ins son at birth but in a religious matter 
of tins kind the king would ceitainly not have acted without 
consulting his great family piiest Yasishtha At any late 
Vasishtha knew of the vow and allov ed it to stand till the son 
was boin When Eohita was bom Yaruna demanded the sacri- 
fice, but the king succeeded by lepeated excuses in staving off 
Ins leiterated demands, till Kohita was invested with the ac- 
coutiements of a Kshatiiya in his sixteenth year It is evident 
that the demand was made by some piiest in Yaruna’s name 
and it IS incredible that the king would have gone on tem- 
porising all these years without consulting Yasishtha The 
infeience then is obvious Yasishtha either permitted the 
demand or acquiesced in it he did nothing to propitiate 
Yaiuna oi save the king , and thus he virtually supported 
the demand that Eohita should be sacrificed ” 

When Eohita was accoutred as a Kshatiiya, the king 
told him of the vow Eohita refused compliance and departed 
to the forest The king then fell ill Kohita heard of that 
and returned at the year’s end to see his fathei but was 
pel suaded to go back to the foiost This was repeated at 
the end of each year till Kohita departed to the forest for 
the sixth 01 seventh year This advice could not be friendly 
To urge on a very young prince, who had been nurtured 
as an only son amidst the best conditions in Ayodhya, 
indefimte years of hard wandering, with no suggestion of 
alleviation ultimately, was little better than mocking at his 
j outhful and natural expectations This persuadei is said 
to be India but he was evidently a mimon of Yasishtha 
who had already governed the kingdom foi 12 years during 
the exile of Tnsanku and wanted to be in power again The 
result would be the same as if Eohita had been sacrificed 
or was kept in continuous exile Yasishtha’s position was 
stronger, for Eohita’s predicament was wmrse than Satya- 
vrata’s, because Satyavrata had been .only banished, but 



OUTLINES OF A HISTORY OP AYODHYA 
FROM THE EARLIEST TIMES TO THE 
MUHAMMADAN CONQUEST 

OOMPILED 

Rai Bahadur LALA SITA RAM, B A , 

M.e)nber of the Royal Asiatic Society of Great Britain and 
Ireland ^ Menibei of the Oommittee of Gontses and Examination 
Gonimittee [Hindi) of the Allahabad University, etc 


PREFACE 

Ayodhya is second to none among the holy places of 
Hindu India yet it IS an uony of fate that, beyond brief 
references to it in the piovmcial and distiict gazetteers, it has 
not attracted the attention of scholais Mathura (Muttra) 
boasts of an e-^tensive Memoii from the pen of Mr F G- 
Drowse, the tianslatoi of the Raraajan of Tulasi Das 
Benares has been exceedingly fortunate In 1868 the 
Revd M A Sheiring published T/ie S'acied City of the 
Hindus An Account of Benaies in Ancient and Modem 
Times He was followed by the Revd Arthur Parker in 
1895 with his Handbook of Benaies, by Mr P B Havel 
in 1905 with his Benaies, the Sacjed City and shortly after 
by the Revd C P. Cape with his Benaies the Stionghold of 
Hinduism and last of all by the Revd Edwm Greaves 
with Ins Kashi Even Allahabad in winch the religious 
element is confined to the Confluence [Sangnni) and the 
isolated portion called Daraganj, found, though latiior late, 
in Babu Ramanand Chatterji, sometime Principal of the 
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Kayastha Pathshala, a scholai to write a book called P) ayag 
Thoro IS no apology needed tiieiefore for the compilation of 
this little book The credit, lioi\ ever, foi its appearance in 
its piesent shape and at the piesent tune is due to Mi R C 
Hobait, the populai Deputy Gomraissionei of Fyzabad, 
undei V bora I had the lionoui of serving a little before my 
letirement in 1911 Moie than two yeais ago he requested 
me to wiito a history of my native town I was then very 
busy with my Selections from Hindi Literature for the 
Calcutta Univeisity, since pi onounced to be a monumental 
vork, ot ovei two thousand pages Royal 8vo On the 
compilation of tins book a scheme was drawn up and 
approved by Mi (now Sii Richaid) Burn, one of the great- 
est oiientalists vho evci giaced the Indian Civil Service The 
peiiod ending vith the ternimation of tlie Hindu supremacy 
was completed and approved by him For various reasons it 
was considered advisable to end the book there, though Sir 
Richard was of opinion that it should be bi ought up to date 
The book has no pretension of being a connected 
histoiy All mateiials aAmilable have been collected and 
arranged under separate heads I have been by my work 
and otliei circumstances kept away from Ayod hya and little 
local information could be obtained I did, hoAvever, long 
remain there as a student, as an assistant master and lastly 
as headmaster of the high school, and a great deal of what 
IS written in these pages was collected long ago Neverthe- 
less no one is better awaie of its shortcomings more than 
myself, especially as English is not my mother-tongue I 
hope the scanty materials collected and noted on here may 
create an interest in this ancient city and attract the 
attention of aichmologists and historians 
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1 ANTIQUITY OF AYODHYA 

Ayodhya, now a small town of 5,000 inhabitants, four 
miles north-east of Fyzabad, “ is undoubtedly a place of 
immense antiquity”* It was the old capital of Uttara 
Kosala, “ that happy kingdom in which all that the Hindu 
race reveres oi desiies was lealised as it can never be 
realized again, and the seat of the gloiious djmastj which 
began with the sun and culminated after sixty generations 
of blameless ruleis in the incarnate deity and perfect man, 
Rama Whether criticism will finally enrol the iieio among 
the highest creations of pure imagination, or accord him a semi- 
lustorical personality and a doubtful date, it is barren to spe- 
culate histoiy IS more nearly concerned with the influence 
Avhicb the stoiy of his life still has on the moial and religious 
beliefs of a great people, and the enthusiasm which makes 
his birthplace the most highly venerated of the sacied places 

’ Nevill’s Fyzabad District Gazetteer, page 172 
' 43B 
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to vhicli its pilgiiuis crowd As the bntliplace of Rama it 
IS considered tlio fust of the soa en in llias oi holy places of pil- 
giimage and is piously belie\ed to be the gieatest and holiest 
“ Ayodhj a, Mathura, Maya, Kashi, Kauchi (Conjee\eiam), 
Avantika, D^^ara^\atl (Dvaika), these seven confer eternal 
beatitude Koi should the occurrence of Ayodliya as the 
first word in the verse he asciibed to the evigencies of metre 
Another well-known Sanskrit verse distinctly says that 
Ajodhja IS the head of the intJias^ Several of the six 
iutJias ove then sanctity to then connexion with this 
capital of Kosala Jilathuia long before the birth of Kiishna 
was founded by Satrughna, deputed bj Rama to kill Lavana, 
ho harassed the ) Js/ns practising /crpers (austeiities) on the 
banks of the Jumna Ma-sa oi Mayapuri is another name 
for Haidvai, vhere the holy (ranges brought into the world 
by Bliagiratha, one of the kings of Ayodliya, descends into 
the Indian plain Kashi (Benares) is the smashanbhunn 
(cemetery) of A> odhj a 

Ayodliya even to this day is as sacred to Jains as it is to 
Hindus In the chapter on Ayodliya in Jam Literature 
it will be shown that out of twenty-four tirthankaras oi 
patriarchs, twenty-two were of the Solar (Ikshvaku race), 
and five including the hist wmie born in Ayodhya itself 

“Of Buddhism, Kosala has without doubt a strong claim 
to be consideied the mother Kapila and Kusinagaia, both in 
G-oiakhpur and both of that country (Kosala), are the Alpha 
and Omega of Sakyamuni, the foundei of that faith It -was 


' Oudh Gazetteer, Introduction, page x"?xi 
^ ill'll umr i 

* ^ e5p=^ 
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at Kapila that he was born, it was at Ayodhya that he 
preached, perhaps composed those doctrines which have 
conferred upon him a world-wide fame, and it was at 
Kusmagaia that he finally reached that much-desiderated 
stage of anmlullation by sanctification which is known to Ins 
followers as ‘Nirvana’ B C 550’” 

Politically, after the oxtmctwn of the Solar race, it was 
the capital of the mighty Guptas foi neaily a century, and 
even undei Muslim rule a part of old Ayodhya with the 
iMuslim name of Fyzabad was the seat of government of the 
first three Nawab-Wazus and m the leign of Shuja-ud-daula, 
its splendour evcited the admiiation of tiavelleis It has 
now lost all political importance and ispie-eminently a city of 
temples, hut it is still the headquarters of the Ramanandi sect 
of Yaishnavas, a sect whose teachings, reflected in the gieat 
vernacular Ramayan of Tulaai Das, composed here in 1574: 
(1631 VS), have given a religion and a code of morals 
with shghtlocal modifications to the -whole of Noithein India 

2 ABORIGINES OF AYODHYA 

Neither archmoiogy nor tradition thiow any light on 
the laces which inhabited Ayodhya before the Solar line 
jvas established Accoiding to the Ramayana of Yalmiki 
and the Puranas, Manu Avas the first Iving on earth and his 
descendants established kingdoms in various parts of India, 
including the Deccan But ivlien Manu formed a kingdom 
in Ayodhya for his son Ikshvaku, all his subjects could not 
have been of ins own kith and kin Oriental scholars give 
a geneiic name of Diavidian to the original inhabitants of 
the country, whicb, accoiding to Di Yincent Smith, is one 
of the most misleading terms evei introduced " That a 
pastoial tribe inha bited tbe countiy, though but sparsely, there 

' Oud?i Gazetteer, page 4 
* Oudh Gazetteer, page 460 
^ Early Etstory of India, page 413 
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IB not the least doubt We heai of conflicts between the 
Suras (gods) and Asuias (demons) in the Vedas and the 
Puianas Arjans, hoAvevei, were iievei a bloodthirsty 
people, nor did they cany diseases in then train which were 
fatal to the conqiieied and fioin which they weie practically 
immune The aboiigines, though thiust into the background, 
were allowed to live a peaceful life The Suias, who were 
probably the Aryan inhabitants of the Himalayas, had 
occasionally to light the Asuras They sometimes found the 
Asuras moie than a match foi them and appealed to mortal 
kings such as Dasaratha and Dushyanta to help them but we 
iievoi hear of any annihilation of the Asuras We therefore 
endoise the following remaiks in the Chotnchs of Oonao — 
“When the Aiyan race invaded the Gangetic valley 
and the Soorajbunses settled in Ayodhya, the natural 
couise for the aborigines would be to fly to the hills and 
find lefuge in their impenetrable forti esses glided with the 
deadly Taiai To the boiders of that Taiai, the invaders 
would pursue them, and garrisons stationed there to check 
their encroachments would naturally glow into towns ‘ 
It has befoie been reniaiked that the mystic legends leave 
no impression of a large subject lace existing in Oudh 
but lather of a vast solitude inhabited by a scanty race 
employed in pasturing cattle The scene before us at the 
fall of the historic curtain is an inhabited forest country 
and a large colony of 'Soorajbunses occupvmg Ayodhya 
as then capital V'^hen the curtain rises again we find 
Ayodhya destroyed, the Soorajbunses utterly vanished and 
a gieat extent of country ruled over by aborigines called 
Oheroos in the far east, Bhais in the centre, and 
Rajapasis in the w'est The great revolution seems to be 
satisfactoi ily explained by the conjecture that Bliars, 
Cheroos,® etc , were the aborigines whom the Aryans had 

' Probably Bahraioh (Bhar-aich) is one of such towns 

* To these I would add Thai us of Bahraioh. 



9UTL1NES OP A HISTORY OP AYODHYA 


439 


driven to the hills and who swarming down from thence 
not long after the beginning of our eia overwhelmed the 
Aryan civilisation not onlj in Saketan* and other northern 
towns but in Ayodhya itself, drove the Soorajbunses under 
Kanaksen to emigrate to distant G-iiieiat and spread ovei 
the plains between the Himalayas and that spur of the 
Vindhya lange which passes thiougli the soutli of Mirza- 
poie 

This is the only explanation that can be given of the 
fact that most of the Rajput estates in Oudh originally 
belonged to Bhars, from whom they were ousted by 
Kshatnyas by methods sometimes not stiictly chivalrous 
Historians have also gone to the length of saying that many 
of the so-called Rajput clans in Oudli were originally 
Bhars 


3 AYODHYA IH THE YEDAS 


Neither Koshala nor its capital Ayodhya is expressly 
mentioned in the Vedas ^ The river Sarayu, however, is 
invoked in Rig X 64 9 jointly with Sindlm, and Saraswati 
‘ to animate the worshipper promising water rich in balm 
showing thatus a sacred iivei it had alreadj attained in that 
early period of our country’s liistoiy a sanctity second onlj 


’ The writer mistakes S iketan for Sra\ asti 
’ Chromcles of Oonao, page 27 

^ No satisfactoiy explanation i-’ forthcoming of this omission 
Mr Pargiter is of opinion ‘tint the leally famous kings, confident 
in themselves and their big battalions oaied little about t ® 
assistance which the nshis professed to bestow The ® , 

as they stand now generally extol such great rulers ’® , 

saonfioers, yet the nshis have Preserved no Ip inns oomposod m 
their honour ' In the case of ^ 

that no rishis capable of song existed during \ ^ jl whose 

monarchs because the great rishi Vasishtha to w court 

pupils quite a large number of hymns are attributed was the court 

priest of Ayodhya 

■* Griffith's Rig Veda, Vol II, page 473 
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to Salas^^atl, though its mention along with the two rivers 
of the west lias led some scholais to surmise that theie was 
also a rivei ol that name m the Puniab The luhng dynasty, 
hoMOvoi, fared a little better In Itig X 60 4 ascribed 

to King Asaniati and addiessed to Indra, licshvaku, the 
foundev of the Solai line of kings or the tube of \\ Inch he 
was the piogenitor, is descnbcd as flouiishing in tlie seivice 
of India ‘rich and daz/ling as the Five Tubes that are in 
lieaien,* Twentieth in descent from him, Mandhatii, son of 
Yuvanaslna, the second king of that name in the table printed 
at pages 455 — 457 \s as not only a gi eat king but also the rishi 
(seer) of Rig YIII 39 S Ue is the fiist in sacnfice and 
the best slajei of Dasyus and Agni is sought foi him ’ In the 
next hymn, jMandhatii is mentioned as a singer of the same 
lank as the Angirasas anticipating Rig X 134’ which is 
attiibuted to Mandhatii, the express mention of the name of 
w hose fathci Yuvanasliva placing it beyond the shadow' of a 
doubt that the nslii of the lumn w'as a soveieign of the Solai 
race A careful study of this hymn show's the lOyal charac- 
tei ,of the smgei who pi ays not only for the desti action of 
his enemies, the wicked, but asserts that he himself is fiee 
from the vices w'liicli lead sovereigns to deviate from the 
path of duty 


' GiifHth’s Rig Vodn, Vol II, page 464 
Griffith’s Rig Veda, Vol H, page 181 

Never, O Gods, do we offend, nor are we ever obstinate 
we walk as holy tevts command 
Closely we olasp and cling to you, oling to jour sides, 
beneath your arms 

iGnffith’s Rig Veda, Book III, page 580) 

'Che iishi of this hymn is Mandhatn (HFiUnj) whereas 
the king mentioned m the first two is Mandhatn Nobody, 

however, has ever doubted that the two names were not 
idenUctd 
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Rohita’s very life was forfeited under a demand asserted in 
the name of a god Roliita went back to the forest foi his 
sixth or seventh year There he met the iishi Ajigarta 
with his wife and three sons, all staivmg, and bought the 
second son Sunahsepa foi a bundled cattle He retained 
with him to Ayodhya, and the king proposed and Yaiuna 
(that IS, his piiest) accepted the substitution of Sunahsepa 
as the victim Rohita would have been anxious to find 
some way of deliveiance, and it would have been a very 
natural thought on meeting the wretched Bi ahman family 
to boy one of the sons as a victim in his own stead They 
in their staiving condition might have clutched at relief by 
accepting his offer Bj it one member would die but all 
the lest would escape, otheiwise death faced them all This 
time nothing kept Rohita away from his fathei , though the 
old leasons for Tndra trying to dissuade him still held good 
Yaiuna (that is, his piiest) accepted the substitute, because 
sacnficially a Bi ahman was bettei than a Kshatiiya 
Yasishtha’s inteiest in the perfoimance of the vow had 
ceased The substitution had completely alteied the 
yrhole position A human sacrifice was no longei of any 
use Still, manifestly, that could not be openly declaied, 
because to avow that would betray what the leal inten- 
tion had been The only course now possible was to 
proceed formally with the saciifice, and yet devise some 
plan for announcing that Yaiuna was satisfied without the 
immolation, and foi releasing Sunahsepa Fuither, since 
the scheming had completely failed it would be natural 
foi Yasishtha to take no prominent pait in the proceedings, 
and prudent for him to propitiate the king, whose inteiests 
he had betiayed, novertly if not overtly, all those years 
Sunahsepa appealed to his maternal uncle Yisvamitia at 
Pushkara foi deliverance and Yisvamitra follov ed him to 
Ayodhya, for his Brahmanhood was now established 
When the ceremonies began no one was willing eien to 
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bind Sunahsepa to tlie post, manifestly no one v anted 
this saciifico, even those who liad been demanding the 
saciifice of Rohita Yisvainitra after making a formal 
announcement added ‘ let the mums and the gods pieserve 
him ’ It is manifest then that the saciihce of Sunahsepa 
Mas from the liist puiely nominal and foiinal He was 
released and Yisvamitia adopted him as his son ” 

33 Bolnta (Bohitasva) — He is said to have founded 
the tovn of Rohita pui a (Rohitas) 

30 Bahn — He ivas diivcn fiom his throne by invaders* 
and died aftenvaids in tlie foiest His queen gave biitb to 
Sagaia vho on attaining manhood fought against and finally 
subjugated the in\aders 

40 Sagm a — He also subjugated Yavanas, Sakas, 

Paiadas and Pahlavas He liad two ivives, Sumati, daughter 
of Kasyapa, and Kesini, daughtei of Raja of Yidaibha 
It 13 said that when he let loose Ins lioise for the hundredth 
liorse-saciifico, it ivas stolen by India and taken to a place 
■where Kapila v'as perfoiining his austeiities The sons of 
SagaraMho ivei e in pursuit of the hoises suspected Kapila 
of the theft and ivanted to kill him, but the mum opened 
his eyes and they vmie i educed to ashes Sagara, on learn- 
ing of the death of his sons, sent his grandson A^nsumat, the 
son of Asamanjas, to effect the ammal’s recovery The 
youth proceeding bj the (deep) path which the princes had 
dug, aruved -wlieie Kapila was, and, boiving respectfully, 
prayed to him, and so propitiated him that the saint said 
“ Go, (my son), deliver the hoise to your giandfathei , and 
demand a boon Thy giandson shall bung down the river 
of heaven (on the eaith) ” Ansumat requested, as a boon, 
that his uncles w ho had peiished through the sage’s dis- 
pleasure might, although un-woitliy of it, be raised to heaven, 
through his favour “I have told you,” replied Kapila, 


’ Haihayns and Talajanghas 
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“ that yoar grandson shall bung down upon eaitli the 
Ganges (of the gods) , and, when her waters shall wash 
the bones and ashes of thy grandfather’s sons, they shall be 
raised to Swarga Sagara, on lecoveimg the steed, 
completed his sacrifice, and, in affectionate memory of 
his sons, denominated Sagara the chasm which they 
had dug ’ It seems to me that Sagara’s sons w^eie the 
first who reached the Bay of Bengal and discovered the 
ocean 

44 Bliagii atha — He is said to have brought the river 

Ganges down to the earth 

50 Itxtnim na — He was a friend of Nala and shilled 
in the secrets of the game of dice He taught the game of 
dice to Nala which enabled him to win back his kingdom 
and learnt from him the art of managing horses 

53 Mdtasaha O) Kalniasapada —A. portion of the 
story of this king appears in the At buda ]\£ahatmya, an 
extract fiom which is given in my Htstoi y of the Sii oln Raj 
Here Yasisbtha is again m evidence Kalmasapada while 
hunting encountered Shaktri, a son of Vasishtha, in the 
woods and on his refusing to make wav, stiuck the sage 
with a whip Shaktri cursed the king causing him to 
become a cannibal As soon as the curse took effect, 
Mitrasaha ate up Shaktri and his brotheis The Vishnu- 
pui ana modiB.es this stoiy and says that by a deception 
practised on him, human flesh ivas served to Vasishtha and 
that when the sage found this out he cui sed the king for 
causing him to become a cannibal The king knowing that 
he was innocent wanted to cuise him in return but n as 
reminded by liis queen that it was ill to uttei an imprecation 
upon a bol}' teacher, and abandoned his intention Mitra- 
saba does not seem to have had much respect for Brahmans, 


’ Wilson’s Vtshnupurana, Vol Ilf. page 382 
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for he IS again found killing a holy man engaged in 
dalliance A\ith his own wife 

55 Mitlaka — The Vishmtinn ana says that ‘when 
the waiiioi tube was extirpated upon earth, he was 
survounded and concealed hy a numbei of females 
fiom Avhence is doiivcd the denomination Naii-kavacha 
(having woman for aiiiiour) How and by whom 
the wairior tube was extirpated it is difficult to say 
unless it was the sequel to the battle between Ai^una 
Haihaya and Rama Bhargava who also appeals as the 
opponent of Rama, ninth in the descending line fiom 
Mulaka 

59 Dihpa JI, also called KhaUcanga — Ho was a 
distinguished votaiy of the Loid He defeated the demons 
in the conflict with gods and as he had only an hour more 
to live, he came in hot haste to his native town and by con- 
templating on the Lord attained immortality and union with 
Hun 

61 Baglia — He was a mighty monarch and in his 
campaign of conquest as described in Raghnvansa, Canto IT, 
he submgated the Eastern Provinces Suhma,^Yanga, Kalinga, 
Pandya, possibly Kerala, Apaianta, Parsikas, Hunas, Kam- 
boias, Mountaineers of Utsavasanketa, and Pragjotish The 
Paisikas aie evidently old Peisiaiis and it tbeiefore appears 
that Rdghu earned his victorious aims out of India also, as 
far as Peisia 

64 Shn Rama Chandra.— He is believed to be the 
greatest incarnation of the Supreme Being and the Grreat 
Example of a Hi eat King Paitly by conquest and partly 
by inheritance He became master of neaily the ivhole of 
India Befoie His depaiture to heaven, He made a 


' Wilson’s Vtslumptirana, Vol III, page 310 
Ibidem, pages 318—320, footnote 
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partition of His langdom among His two sons and six 
nephews installing them as follows — 

Sotis , 

1 ICusha in Kushawati on the brow of the Yindhyas, 
the capital of Dakshina Koshala 

2 Lava in Sravasti in Uttara Koshala 
Nephews 

Angada, son of Lakshmana, in Angadi, possibly a small 
kingdom at the foot of the Himalayas 

Chitraketu (or Chandraketu), son of Lakshmana, in 
Cliandiavaktia, also in the same region 

Taksha, son of Bharata, in Taksha-shila (Taxila) in 
Gandhala countiy 

Pushkara, son of Bharata, in Puskbaiawati, also in 
Gandhara 

Surasena (called Bahushruti in the Baghuvansa), son 
of Satrughna, in Muttra 

Subahu, son of Satrughna, in Yidisa (Bhilsa) 

Ayodhya was deserted by Rama, possibly because he 
apprehended a dispute between the brothers and cousins 
65 Kiisa —AVith the unanimous consent of his 
brother and his cousins, Kusa was declared Lord Paramount 
and coming back to Ayodhya restored it to its pristine 
glory 

82 Eli amjanahha —Re was a pupil of Jaimini, 
founder of the Yoga system of philosophy and communicated 
the knowledge of spiritual exeicises (Yoga) to Yajnayalkya * 

As a pupil of Jaimini he was also a teacher of the Sama 
Yeda, lus cognomen Kaushalya placing it beyond 

the shadow of a doubt that he was a king of Koshala ’ 

94 Bi thadbala —He was killed by Abhimanyu, son 
of Arjuna, in the Great "Wat The noticeable point in the 


' Wilson’s Vishnvpurana,, Vol HI, page 323 
* Ibidem 
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post-Maliabharata kings of the Solar line is the appearance 
of the following four names 

23 Saluya — also the name of the race to which the 
Buddha belonged 

24 Siiddhodana — also the name of the Buddha’s 
father. 

25 Siddhd)tha — also the name of the Buddha himself 
befoie he attained Buddhahood 

26 Bdhula — also tlie name of the Buddha’s son 

Kapilavastu was ceitainly in the Koshala country but 
there is no evidence to show that Sravasti, to which the seat of 
government appeals to ha-\e been shifted from Ayodhja at 
this period, was cvei included m the kingdom of Kapila- 
^astu or its kings ever reigned there The existence of a 
King Siddhartha at this peiiod is proved by the Jam recoids 
according to which Mahavira, the last Tirthankara, was a 
son of the Ikshvaku king Siddhartha by his queen Trisala 
Besides; any inference of this nature is lebutted by the fact 
that Prasena 3 it (No 27) (Pascnadi) yho had leceived his 
education in the Univeisity of Taxila* Mcnt over to the 
Buddha and confessed that Bimbisara of Magadha and the 
Lichhavis vere his friends ’ Fuither account of Piasenajit 
18 given under head ‘ Ayodhya in Buddhist Records ’ 

His son Kshudiaka(No 28) is called Virudhaka in 
Buddhist boo ks possibly because he was hostile to Buddhists; 
and IS notorious for his merciless massacre of the Sakyas 

The last king Sumitra was according to some scholars 
apparently killed in the gieat i evolution of Mahapadma 
Nani in 422 B C The inscription lefeiied torn page 458 
would, however, show that the Solai line terminated at least 
fifty years earlier 


' J A S B , 1916, page 17 
’ J A S B , 1921, page 270 
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It may, also, be inteiestmg to note that Professor 
R Rmoia, the great Japanese scholar who visited India a 
few vears ago, believes that the Japanese aie a branch of one 
or other of the gieat Indian races * The Mikado is believed 
to be a descendant of Amina, the fiist Mikado, who was an 
incai nation of Grod This Ainma is probably a corruption 
of oui ovn divine king-incarnate Rama, for additional 
evidence is furnished by the fact that, accoiding to the 
Japanese traditions, the Mikados aie born in the line of the 
Sun-god which is perhaps no other than that they are 
descendants of the Solar lace fSuryavansa) of Kshatayas 
to ■winch our Sii Rama Chandra, the divine incarnation, 
belonged 

At what period of history this emigration took place it 
is difficult to say That the Kshatnyas of Ayodliya estab- 
lished a kingdom in Tibet and in Siam has been proved 
beyond the shadow of a doubt and Professor Pandmanga 
Pissulencai of Goa in his interesting research published in 
the Flench journal entitled Lai Couvette I' Amei iqneparh 
homines de hide has gone so far as to assert that America 
was peopled and colonised by the ancient people of India * 


The Suryavansa or the Solar Line of the King^s 
of Ayodhya 

(Ancient Indian Genmlogies and Ghionology by F E 
Paigitei , J S A S , 1910, pages 27 and 29) 

Pee-Mahabhakata Wae 


1 Mann 

2 Ilvshvaku 

3 Sasada 

4 Kakntstha 


5 Anenas 

6 Piithu 

7 Visvagasva 

8 Ardra 


* Hwdii&than Peview, Vol XIV, page 68 

* Ibicleni, page 66, 
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9. 

10 

13 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 
30. 

31 

32 

33 

34 

35 


36 

37 

38 

39 

40 

41 


"YuTanasva I 

Sravasta 

Bihadasva 

Ruvalasva 

Dudhasva 

Piainoda 

Haryasva 1 

Nikumbha 

Samhatasva 

Kiisasva 

Piascnajit 

"Yuvanaava II 

Mandhatn 

Puiukutaa 

Trasadasyu 

Sambhuta 

Anaianya 

Prisadasra 

Haryasva II 

Vasumaiias 

Tiidhanvan 

Trayyaruna 

Tnsanku , 

Hanshchaiidra 

Robita 

Harita 

Obaacbu (Champa 
accoiding to Bliaga- 
vata Phi ana) 

Yijaya 

Ruiuka 

Yiika 

Baku 

Sagara 

Asamanjas 


42 

43 

44 

45 

46 

47 

48 

>9 

50 

51 

52 

53 

54 

55 

56 

57 
58. 

59 

60 
61 
62 
63 
64. 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 


Ain sum at 

Dilipa I 

Bhagiiatha 

Siuta 

Nabhaga 

Ambaiisa 

Sindbudvipa 

Ajutayus 

Ritupaina 

Saivakama 

Sudasa 

Kabnasapada 

Asmaka 

Mulaka 

Sataratba 

Vnddhasarman 

Yisvasaha I 

Dihpa II 

Diighababu 

Raghu 

Aja 

Dasaratha 

Rama 

Kusa 

At] till 

Nisadha 

Rala 

Nabhas 

Pundaiika 

Ksbemadbanvau 

Devanika 

Ahinagu 

Paripatra 

Dala 

Sal a 
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77 

Uktha 

I 86 

Agmvarfla 

78. 

Vajranabba 

i 87. 

Bighra 

79 

Sankhana 

! 88 

Mam 

80 

Vyusitasva 

1 89 

Prasusruta 

81 

Visvasaha 11 

^ 90 

Susandhi 

82 

Hxranyanabha 

91 

Amarsa 

83 

Pusya 

92 

Mahasvat 

84 

Dhrurasandlii 

93 

Visrutavat 

85 

Sudarshana 

94 

Bnbadbala 


Post-Mahabhabata 

{Sacred Boohs of the Hindus, Matsya Pm ana ) 


1 Bnhatksaya 

18 D h a r m a (or Yir- 

2 Uruksaya 

yavan) 

3 Vatsadroha (or Vatsa- 

19 Knfanjaya 

vyuha) 

*20 Vrata 

4 PratiYyoma 

21 Eananjaya 

5 Divakara 

22 Sanjaya 

6 Sahadeva 

23 Sakya 

7 Dhruvasva (or BrahadsaTa) 

24 Saddbodana (Kruddho- 

8 Bhanuiatba 

dana) 

9 Piatitasva 01 .Pratipasva 

25 Siddhartha 

10 Supratipa 

26 Rahula (or Ratula, 

11 Maiudeva oi Sahadeva 

, Babala, Langala, 

12 Sunaksatra 

Pashkala) 

13 Kianarasva oi Puskaia 

27 Prasenajit (or Senajit) 

14 Antankea 

28 Kshudraka 

15 Susena (Suparna or 

29 Kulaka (Kehulika, 

Suvarna or Sutapas) 

Kandaka, Kudava, 

16 Sumitra (or Amitrajit) 

Ranaka) 

17 Biihadraja (Bhraja, oi 

30 Suratba 

Bhazadvaja) 

R1 Suraztra 


* This name does not occur m the Matsya Pur ana but appe 


in the Vayu Pw ana 
68 
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B The Sisualvgas, Nandas, Mauryas and Sungas 

Sisnuagas — Evidence of Sisunaga lule m Ayodlija 
IS ovtieinclj meagre, but it cannot be ignored The follow- 
ing lemaiks undci head ilffli/i Pmhat appeal in the Oudh 
Gazettec ) , page 10 — 

‘ Raja Naada Ba)dJian of Magndha — I have lepeatedly 
been assuicd by Mah.iiaja ^lan Singh that within the piesent 
centuiy an msciiption was discovered bniied in this mound, 
which asciihed its construction to Baja Banda Baidhan of the 
Magadha dj nasty, who once held snay hete The Maharaja 
furthoi stated that the insciiption was taken to Lucknow m 
Basii-ud-din Haidai’s tune, and there was a copj of it at 
Shahganj, hut all my attempts to tiace eithei the original oi 
copy hai e failed ’ 

Again in the footnote — 

‘This infoimation has since been coiioboiated by the 
learned Pandit Uuiadatt of Ayodhya, i\ho infoims me that 
he made a tianslahon of the insciiption between flinty and 
foity years ago He, too, has lost his copy and cannot now 
describe the contents ’ 

Theie is no reason to disbelieve any of these personages 
Pandit XJmadatt (Pandit Umapati Tripathi) was one of the 
holiest men in Ayodhya in my childhood and neither the 
Maharaja noi the Pandit could possibly have any interest in 
giving false information, especially when the construction of 
thePaibat bj a sovereign ‘who is accredited vith the suppres- 
sion of Brahmanism in Ayodhya, and with the establish- 
ment of the non-caste system adopted by society geneially 
when the population at large were denominated Bhars,’ 
would strike at the root of the Brahmamcal tradition 
about it 
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Now tliere were two Nanda Baidhans (Nandi Yardhans) 
VIZ , No 5 of the Piadj-otas (d 782 B 0 ) and No 9 of the 
Sisunagas (d 465 B 0 ) We have various leasons for 
choosing the latter As Jus great giandfathei Ajatasatru 
was converted to Buddliisin by the Mastei himself, his succes- 
sors may be presumed to have also been Buddhists and one 
of them showed his zeal not only by suppiessing Biahmanism 
but by building a large siupa which stands to this day 

Nandds — Nandivaidhana’s successoi Mahanandm was 
killed by Mahapadma Nanda and the Nanda line commenced 
m 422 B C The kingdom of Koshala naturally passed on 
to the successors Mahapadma Nanda leigned foi 88 years 
When the father’s reign is of unusual length, the sons can- 
not possibly lule long His eight sons sat on the tin one 
foi 12 years only, when the last of them was killed by Oha- 
nakya who installed Ohandragupta Maurya on the throne of 
Magadha in 322 B C 

Maw yas — The first three Mauryas practically goveined 
the whole of India, including the piescnt Afghanistan 

Sahsuka was the fourth in succession from Asoka and 
according to Graiga’s Buhat Sanhtta, ‘in his reign, the 
viciously valiant Grieeks leduced Saketa, Panchala and 
Mathura and i cached Patna ’ 

This invasion, however, seems to have been only a preda- 
tory excursion and passed like a wluilwind over the countiy 
The Maurya empire lasted for 137 years from 322 B 0 
to 185 B 0 and was teiminated by Pushyamitra, a geneial 
in the army who killed his mastei 

Swigas — Pushyamitra was a Sunga and founded the 
Sunga empire His reign lasted for thiity-six years from 
185 B C to 149 B C He was a staunch advocate and 
suppoitei of Brahmanism and consequently a great peisecutor 
of Buddhists It IS said that he buined monasteiies and slew 
monks from Magadha to Jalandhar m the Punjab He per- 
formed several horse-sacrifices, one of which is mentioned m 
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the well-lcno^^n Sanskiil diama Mahvilagmmitui^ the hereof 
which 18 Ills son Agniraitra who was goveinor of Vidisha 
m the lifetime of his father The great grammarian Patanjali 
seems to have presided at one of those saciilices.^ 

Though governed from Pataliputia, Ayodhya seems to 
have been prosperous enough to have tempted Menander, who 
invested it 154 B C as lecoided by Pataniali’, though the 
invasion was repelled aftei a seveie struggle and the Greek 
king was obliged to letiie to his own country 

Pushjaniitia was succeeded by Agnimitia who reigned 
foi eight years He was followed bv eight other kings who 
ruled in aggregate foi 58 years 

An inscription lately unearthed in Ayodhya shows that 
a king of Koshala who was sixth (in descent ?) from the 
General Pusliyamitra built a house in the memory of his 
father Phalgudeva The name of this long begins with 
Dhana which may be Dhana Mitra but there is none of that 
name in the Puranic list of the ten Sunga kings of Patali- 
putra The woid Koshaladhipa shows that he was the ruler 
of Koshala only with his headquarters not at Sravasti but at 
Ayodhya 

There is absolutely no reason to doubt the genuineness 
of this inscription It is in the form of Brahmi inscript 
current in the second century of the Christian era and the 
language is Sanskrit 

Sungas were succeeded by Kanvas but Ayodhya seems 
to have dwindled into insignificance It is true that several 
coins presumably of the first century of the Christian era 
have been found in Ayodhya “ The coins are divided into 
two classes One class includes square coins winch were 
obviously cast, and the devices usually include the Bodhi 
tree and the combined Buddhist symbols of the Tri-ratna 
and Dharma-chakra The kings whose coins bear th ese 

* qRumr . 
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types are Mula Deva, Yaya Deva, Vishakha Deva, Dhana 
Deva, and Shiva Datta The othei series includes a set of 
lound coins struck fiom dies usually beaiing the device of a 
bull facing an iipiiglit standaid oi saciificial post on one side 
and a cook and toddy palm on the otliei The kings known 
are Satya Mitia, Saiya Mitia, Sangha Mitia, Yijaya Mitia 
and Kumiida Sena The two last Kings replace the cook and 
palm tiee by the Buddhist symbol of the earlier senes, and 
there is some reason to think that Kumuda Sena came before 
the others 

In the second century some Kshatriyas of Ayodhya undei 
Kanakaseua migrated to Guzerat and laid the foundation of 
the Vallablii Inngdom whence they spread into Rajputana 

In the thud century of the Christian era, mne very 
powerful and wise kings celebiated as Meghas’ ruled m Ko- 
shala but nothing moie is known about them or their succes- 
sors the Devarakshitas 


6 AYODHYA IN JAIN LITERATURE 


Jain Sansliiit liteiatuie is loud in the praises of Ayo- 
dhya which it also calls Vinita The desciiption of the city 
in the TilaTca Manja) i of Dhanapala edited by Pandits 
Bhavadatta Shastri and Kashinath Pandurang Parab and 
published by Tukaram Javaji, Bombay, kindly sent to me by 
the great Jam scholar Babu Puran OhandNahar of Calcutta, 
would vie with Bana in leaving out nothing which constitut- 
ed a prospeious Hindu city It was, -to quote one of such 
phrases, a place where Sol for the pleasure of his progeny 
(kings of the Solar line) had collected the biightness of the 
universe and where the gardens outshone paradise Accord- 
mg to the Ti tshasMJn-shalaka-pu) tisha Ghai ifa, Prathama 
Parva (Canto 2), published by the Adishwar Prasarak 


‘ Nevill’s District Gazetteer, Fyzabad, ^ tUfinresent 
* Prom an inscription lately found it appea Mea-has 

district of AllaPabad was included in the dominions S 
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Sabha, Bhawanagai , it was the diadem of the earth and was 
built by Yaicshaiaja (Kuvoia, god of wealth) undei oiders 
of India The city was twelve yojanas in length and nine 
in breadth and y as furnished with an inc\hau8tible supply 
of giain, cloth, money and levels 

The Jains behove in twenty-foui Tirthankaras or 
Patiiarchs Of the vaiious eicnts connected vith the lives 
and caieeis of these Tiithankaras, the Jains attach great 
leligious importance especially to five things which they 
designate b^ the iihiase Kalyanaka Bhurai, and they 
are — 

(i) the last place previous to Ins being conceived in the 
womb , 

(ii) the place of Ins birth, 

(in) the place vlieie ho fiist i enounced the world and 
was initiated into a i ehgious life , 

(iv) the place wheie he fiist became a lemhn or achiev- 
ed omniscience , 

(v) the place wheiG he leahzed emancipation ' 

r 

My fnend Mi Puian ChandNahar, a great scholar and 
a prominent membei of the Jain community, informs me 
that Ayodhya is ci edited with as many as forty-five kalyana- 
kas 

The twenty-four Tirthankaias are as follows — 

1 Adinatha, better known as Rishabha Deva> belonged 
to the Ikshvaku lace and was the son of King Kabhi and 
Queen Maiudevi 

2 Ajitanatha belonged to the same lace and was son 
of King Jitashatiu and Queen Byoya 

3 Sambliavanatha was son of King Jitaii and Queen 
Sena and belonged to the same race 

4 Abhinandana was born of King Sambara and 
Queen Siddhaitha belonging to the Ikshvaku lace 

' Epitome of Jainism by Naliar and Ghosh, pp 678-79 
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5 Suraatinatba was the son of lOng Megba by Queen 
Mangala at Ayodbya belonging to the Iksbvaku lace 

6 Padmapiabba was the son of King Sieedhaia by 
Queen Susbinia He belonged to the Iksbvaku lace 

7 Supaisvauatba was the son of King Piatistha and 
his inotbei was Pritbm and belonged to the Iksbvaku race 

8 Cbandiaprabba belonged to the Iksbvaku race and 
was the son of King Mabasena by Lakshmana 

9 Subidliinatha was the son of Kang Sugiiva and 
Queen Eauia belonging to the Iksbvaku lace 

10 Sbitalanatba belonging to the Iksbvaku race was 
the son of King Driibaiatba and Queen Susnanda 

11 Shreansbanatba also belonged to the Iksbvaku race 
and bis parents weie Kang Vishnu and Queen Yisbna 

12 Vasupujya came of the same Iksbvaku race and 
was son of King Vasupujya by Queen Jaya 

13 Vimalanatba was the son of King Kritavaima by 
Queen Shyama belonging to the Iksbvaku race 

14 Anantanatha belonged to the Iksbvaku lace and 
was the son of King Sinbasena by Queen Sujasa 

15 Dbarmanatba was the son of King Bhanu and 
Queen Subiita belonging to the Iksbvaku lace 

16 Sbantinatba belonged to tlie Iksbvaku lace and 
was the son of King Visvasena by Queen Acbiia 

17 Kuntbanatiia was the son of King Suia by Siee 
belonging to the Iksbvaku lace 

18 Aranatba was born in the city of Hastina- 
puia and his paients weie King Sudarshana and Queen Devi 
belonging to the Iksbvaku race 

19 Mallinatha belonged to the Iksbvaku lace and was 
the daugbtei (according to Digambaiis, who do not admit of 
moksha for the women, she was a son) of King Kumbha by 
Prabbavati 

20 Muni Subiata belonged to the race knov. n as Han 
vansa and was the son of King Sumitia by Padmavati of the 
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City of Rajgii where lie was initiated and reached mi van on 
Mount Samet Sikhai 

21 Neniinatha belonged to the Ikshvaku race and was 
the son of King Byoya and Queen Bipra 

22 Keimnatha also knovn as Arista Kemi belonged to 
the Haiivansa He was son of Saniudia Bijoya by Shiva 

23 Parsvanatha belonged to the Ikshvaku race and 
was the son of King Asvasena by Bama Devi 

24 Mahavira or Vaidhainana, also known as Natputta, 
the last Tiithankaia, belonged to the Ikshvaku race and was 
the son of King Siddhaitha by Queen Tiisala ' 

It will be seen that twenty-two of these claim to be 
princes of the race of Iksh\aku though none of them 
appear to be sons of ruling sovereigns According to the 
Puranas, Rishabha Deva’s father King Nabhi was the descen- 
dant of !Manu Svayambhuva whereas Ikshvaku was a son of 
Manu Yaivasvata (Manu, son of the Sol) 

Five of these, namely, Rishabha Deva, Ajitanatha, Abhi- 
nandana, Suinatinatha, and Anantinatha were born in 
Ayodhya and temples have been built by pious Jains to mark 
the sites of their biithplaces 

All my attempts to find out if there ever was a Jain king 
of Ayodhva, have failed In fact there is no evidence that a 
Jam dvnasty evei ruled in any part of India, though there 
are isolated instances of kings like Kumaipal Sulanki of 
Annhalwara who was converted to the Jam faith by the saint 
Hema Chandra The Oudh Gazeiim says that the ‘ trans- 
Grogia Sribastani ’ dynastj which ruled m Ayodhya foi a 
considerable period till it 'was oveithiown by the G-aharwais 
of Kanauj was of the Jam persuasion The Glaihwa inscrip- 
tion of 1199 Y E records the building of a temple of Kava- 
graha (the nine planets) by Thakkuia Ranapala, son of Thak- 
kuia Sii Kundapala Snvastavya Kayastha This shows that 


Epitome of Jainism by Nahar and Ghosh, Appendix D 
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the Snvastavya Kayasthas in the twelfth century of the Chris- 
tian eia weie men of eafficient importance to be addressed as 
Tha*skurs (modem Thakiir) and could not have been Jains 
or Buddhists The Siibastams (Siivastavyas) of Ayodhya, 
like the compilei of this histoiy, evcept for association with 
othei Kayasthas, aie total abstainers and take meat very 
sparingly This may be some giound for presuming that 
they were originally Jains 


6 AYODHAA IK BUDDHIST BECOEDS 

Closely connected with Ayodhya is the othei great 
name of Oudh, a name gi eater than that of Rama, if human 
greatness be mcasuied by the iiicuk which it makes on the 
woikVs lustoiy Sakya Buddha was a piince of the house 
of Kapila (ncai the modem G-orakhpur) which was an off- 
shoot of the Suiajbans line of Kosala Ayodhya was the 
scene of his labouis and his favouiite resting place during 
the rainy season ” 

“ If a creed may be judged by the highest outcome of 
Its moral teaching, by the most peifect etfioiescence of its 
spirit, it may be fairly doubted if it has jet enteied into the 
heart of men to conceive a loftiei height of aspiration than 
that which breathes in the utterance of a Jatei Buddhist 
master ‘ Never will I seek oi leceive piivate individual 
salvation , nor enter into final peace alone, but for eve i an 
eveiywheie will I live and stuve foi the univeisal redemp- 
tion of eveiy cieatuie thioughout all worlds Until all aie 

delivered, nevei AVilI T leave this voUd of sm, sorrow and 

struggle but will leinain wlieie I am t> jju v. 

Ayodhya IS called Saketa and VislUkha in Buddhist 
lecords The explains the vord Saketa as 

follows — 

Garden of India, pp 64-65 
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“ It came of itself It came of itself It is therefore 
called Saketa ” 

Non in Sanskiit keta(^)’ means invitation and as 
the prefix a (w) levevses the meaning, aket ( ) 

would signify ‘ coming one’s self ’ and nitli sa ( ) Avould 

imply “ coming of one’s own accoid with some one ” 

Theongm of the name Vishakha is thus explained — 
Lady Yishakha is a veiy important figuie in eaily Bud- 
dhist iiistoiy vSlic was the daughtci of a iich merchant of 
Rnjaguha named Dhananiaia, nho had migrated from 
Raiagiiha to Saketa, and was mained to Purnavaidhana, 
son of Mngaia of Siaiasti Slie was one of the earliest 
concerts to the Buddhist faith and had built for the 
Mastei a monasteiy called the Purvurama oi moie fully 
in Piaknt tlie Pubbaiama Mngara-matuprasada, the East 
monastery, the Palace of Mngaia’s mothei She was 
actually the daughter-in-law of Mrigara but aftei she had 
converted him and made him a devout Buddlust she was 
called his mother She built anothei Puivaiama in Ayodhya 
It was in honour of this lady that the town was thenceforth 
called Vishiikha, the Pisokia of Hioen Thsang In the 
Puivarama of Ayodhya the Buddha is said to have lived 
for sixteen yeais 

It was during his stay in Ayodhya that the Buddha 
threw dov n a tooth-stick after using it, this took root and 
grew and flouiished and the tree was seen by both Pa Hian 
and Hioen Thsang The locality of this tooth-stick tree, in 
my opinion, disposes of the objection of some scholars in 
identifying Saketa with Ayodhya 

With respect to Sachi (Saketa) Fa Hian i elates that on 
leaving the town by the southern gate, we find to the east of 
the load, the place wheie Buddha bit a branch of the nettle 
tiee and planted it iiitlie giound Avheie it grew to the height 


’ Dtvyavadana edited by Cowell and Neil, page 1 
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of seven feet and nevei increased oi diminished in size 
Kow this IS precisely the legend that is related of Pisokia 
(Ij^ishaivha! by Hioen Thsang who says that to the south of 
the capital and to the left of the load (that is to the east 
as stated by Fa Hian) theic was among othci holy objects 
an extiaoidmary tiee 6 or 7 feet high which always remained 
the same noithei gi owing noi decreasing ’ This is the 
celebrated tooth-biush tiee of Buddha 

JsovT as we dme along the pucca load from Ayodhya 
to Fyzabad we find aftei leaving Hanumangarhi, a sacred 
tank called the Datun Kund ( ) to the left of the 

load In spite of the populai belief and the Ayodhya 
Maiiatmya which would make it the leseivoir, sitting on the 
banks of which Lord Rama used to binsh his teeth and 
rinse his month, one is tempted to suppose that this tank 
marks the site eitliei of the old tooth-biush tiee of Buddha 
01 of a tank excavated near it, the water of w Inch was pious- 
ly believed to have been used by Gautama foi cleansing liis 
mouth during his stay at Ayodhya The tree having dried up, 
the tank still lemains to commemorate the sojouin of the Great 
Master The southern gate would be somewlieie neai Hanu- 
mangarhi, tbepai Ai probably being the southern bastion From 
Hanumangaihi to Saraju fascine is little moie than a mile 
but the nvei is veiy changeable in its com se and at the 
time of the pilgum’s iisit it may have flowed further north 
Within my memory the river has cut away many thousand 
acres of land of Basti and Gonda distucts and many miles 
of alluvion have been added to Ayodhya 

Hiuen Thsang makes the circuit of the Pisokia capital 
about 16 li This could not possibly include within itself 
the metropolis of a poweiful kingdom I have reason to 
believe that it was the circuit of Ramkot, the leputed foit of 
Rama, possibly restored by Guptas Di Fuhrer says that in 


’ Yitan Chioang’s Travels by Watters, Vol I, page 399 , 
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Gonda people believe that the tootli -blush tree was clnlhil 
which uevei grows higher than 6 or 7 feet It may also be 
Icmuunda, datuns (tootli-sticks) of which aie still used in 
Oudh, ospecially m Lucknow It may be mterestitig to note 
that there is nothing unusual in the gi owing of the tooth- 
biusli tiee In Gliatampui town of Cawnpoie district, 
about a mile f 10111 the tahsil, tlicie is a laige pucca house 
belonging to a Maliant, in the second stoiey of winch a huge 

tree cleft in the middle has giovn fioui a tooth-brush 
planted on the spot by <i sad/iu 200 yeai s ago Nothing is 
fuithei fioiii my intentions than to shake the popular belief 
by those lomarks The pious votaiy may still hnd consolation 
in the fact that Loid Buddha was as much an incarnation 
of Vishnu as Loid Rama 

Before giving a desciiption of the Buddhist Ayodhya, 
it will not be out of place to give an account of the city and 
its lulers at the time of Buddha’s biith, as given in the 
Buddhist recoi ds. 

These recoida do not seem to go beyond the seventh cen- 
tury before Christ Wo find tlieie that Ajojjha (Piakrit for 
Ayodhya) vas a town in Koshala on the river Saiayii So 
was Saketa. In medimval Sanskrit hteiature the Avords are 
synonymous Kalidasa in his Eaghuvansa, Canto XI, calls ' 
the city Ayodhya, and in Canto XVI denominates it Saketa 
and theie is no leason to believe that the inetiopolis at the 
time of Rama’s marriage vas different fiom that on his 
return from exile “ Both cities aie mentioned as existing 
in Buddha’s time They weie possibly adjoining like 
London and Westminstei ”* It may also be conjectured 
that the part of the town which giew round the scene of 
Buddha’s activities, was called Saketa the old site lemaining 
Bralimamc This may also be said of the street round the 
monasteiy built by Vishakha 


(') Buddhist India, page 39 
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The Anjana Park in which most of the Buddha’s 
Suttas Mcie spoken was in Saketa 

It has been shown that the seat ot government had 
been shifted to Siavasti In Buddhist lecoids the so-\ereigns 
of Siavasti aie called Koshalas Theie is nothing unusual in 
the use of the epithet We have alieady seen that Hiianya- 
garbha of the post-Maliabhaiata list is styled Kausalya Then 
kingdom extended from the mountains in the noith to tlie river 
Ganges in the south and the Cxandak to the east including 
Benaies In fact the kingdom of Kasi or Benares was the 
gieat bone of contention between Koshala and Magadha 
Seveial successful invasions of Kasi by the Koshalans under 
their kings Vanlca, Dabbasena- and Kamsa are leferred to 
a date before Buddha’s time and the final conquest would 
seem to be ascribed to Kamsa, as the epithet “ conqueror of 
Benares ” is a standing addition to his name ’ In the 
seventh century B C the Sakyas had also acknowledged 
the suzerainty of Koshala 

“ The kingdom of Kosala before the use of Buddhism 
thus included all and more than all of the present United 
Provinces ” The growth of tins great kingdom gave occasion 
and security for peaceful inteicouise both of a commeicial 
and of an official kind from one end to the other of its extensive 
teiiitory It was precisely these political conditions which 
favouied also the rapid growth of the institution or custom 
of the Wandeiers’ of whom we have no evidence prior 
to the Koshalan power, and who doubtless contributed much 
to the cultivation of the more intellectual side of the common 
language which was enabled to grow up under the protective 
shield of the Kosalan peace ® 

This common language was a conveisational dialect 
based probably on the local dialect of Savatthi, the capital of 

‘ Buddhist India, page 25 
, Buddhist India, page 148 
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Kosala, and in geneial use among the Kosala officials, among 
mei chants, and among the inoie cultured classes, not only 
throughout the Kosala dominions, but east and ^^est from Delhi 
to Fatna, and noith and south from Savatthi to Avanti ” ’ 

It must be noted, howevei, that though the metiopolis 
had shifted to Sravasti (Savatthi), Salccta Mas still one of 
the five great cities of Koithern India, the other four being 
Siavasti, Champa, Koshambi and Kasi 

I have not succeeded m finding a detailed account of 
Luddlia’s activities in Ayodhya but it is an established fact 
that in the An]ana Park as noted above, many of the Bud- 

V 

dhist Suttas aie said to ha\e been spoken In the Ahciilaua 
as quoted in the Buddhist Indui'^ Anj ana Mas the niatei- 
nal grandfather of the Buddha How he could have a park 
in Saketa is not easily explained 

We noM' come to the ancestors of Piasenajit, Ko 27 
in the post-Mahabharata list Some doubt has alieadj been 
expi eased legal ding the name of the father and grandfather 
of Piascnajit In Buddhist books, Piasenajit’s father was a 
Mahakosahla But Mahakoshala only means gi eat Koshala and 
we aiethcrefoie still left m doubt ' Prasenajit was a good 
king and extended his favoui to the folloM'eis of all schools 
of religious thought alike, and this libeiality of thought and 
conduct Mas stiengthened Mdien eaily in the neM movement 
he pi oclaimed himself an adheicnt in a special sense of the 
Buddlia * It may be noted that Asoka in solemnly M^arn- 
ing his subjects not to speak evil of their neighbours ’ faith 
only cairied the Indian toleiation a step fuithei This 
accounts foi the fact that Biahmanism and Buddhism thiived 
in Ayodhya side by side Kosa la, howevei , may be justly 

‘ Ibidem, page 153 
’ Ibidem, page 18 

’ It will be seen further on that m Rookhill’s Ltfe of the 
Buddha Prasenajib’s father was Aranemi Brahmadatta 
“ Buddhist India, page 148 
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proud of having had the fiist rulei who was initiated by the 
ilastei himself This king was Piasenajit and the following 
account of this monarch is taken fioni Rockinirs Life of 
Buddha 

Piasena3it was a son of King Aianemi Brahmadatta of 
Sravasti and was born at the same time as Buddha He was 
a powerful monarch ^Mtli a laige aimy He had two queens, 
Varshika, a sistei of Bimbisaia, king of Alagadba, noted foi 
hei beauty, and Malika, daughter of Sakya Mahanaman of 
Kapilavastu, renowned foi her wonderful touch and for her 
cleveiness Bach of these boie a son to Imn, Jeta being the 
son of the former and Viiudhaka of the lattei 


Sudatta, a wealthy mei chant of Siavasti, was the guest 
of a gentleman in Raiagiiha who had invited Buddha to a 
feast Here Sudatta lieaid of the Buddha and went to see 
him m the grove wheie he was staying and became one of 
his followers Sudatta asked the Master to come over to 
Sravasti and as there was no vihoia in Siavasti, promised 
to make one for him The site foi the vihm a was selected 
in a paik belonging to Jeta Jeta demanded an exoibitant 
puce for the plot— as many gold pieces as would cover it 
Sudatta agreed but before he had coveied the entire plot it 
occurred to Jeta to make a piesent of the remain er o 
Buddha, free of cost and on this plot Jeta built a vestibule 
winch he gave to the order The place was called eta\ana 
by which name it is known to posterity Piasenajit ® 
the Buddha while staying here and hearing ns sermon o 

Ktimai adristantasuh a was converted ^ 

conversion, Piasenajit sent a message to Suddlmdana, 
king of the Sakyas of Kapilavastu, in. ■n nc i le ° ’ 

"Eejcce, OEaja.for ‘l-y J Ih,^ 

cessation of doat). (amnia). ^ J repeated 

of mankind with his nectar burtunonan 

invitations to the Buddha to Kapilavastu 

dharama {Banyan grove), the Butiuna 
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and converted to ins faith, not only the king but his son and 
ills vrife and several other Sakyas 

In the meantime Bimbisara of Magadha had also been 
initiated by the Master His queen Vasan was of a family 
fiom Yideha and theiefore called Yaidehi, and brought forth 
asonvhovas named Aiatasatrii When he grew up he 
seems to have been persuaded by De^ adatta, a rival of the 
Buddha ^\ho had established a schism of his own, to kill his 
fathei and become king His father, however, tried to grati- 
fy his son’s ambition bv gning him extensive territoiies 
Still Ajatasatiu was not satisfied “ Then the king relin- 
quished also Bajagiiha, onlv reserving his treasuies , but as 
Devadatta suggested to Aiatasatru that the real sovereign 
wms the one wdio had the treasures, he prevailed on the 
king to relinquish these also Bimbisara complied but at 
the same tune he implored his son to give up ins wicked 
associate Devadatta Exasperated at this, Ajatasatru had 
his father cast into prison, there to die of bungei , but 
queen Yaidehi, the only person admitted to see him, brought 
him food in a bowl Ajatasatru heard of this through 
the jailers and foibade the queen doing so on pain of 
death Then Yaidehi had hei body anointed wntli a quanti- 
ty of nutritious powders, and filled her ankle lings with 
water , by this means she kept the king alive This device 
w as also found out, and she w as no longer allowed to wsit 
the king Then the Blessed One walked on the Yulture’s 
Peak, in a place wheie Binibisaia could see him fiom his 
window’^, and the joy that this gave him kept him alne Aja- 
tasatru found this out and had the w indow w ailed up and 
the soles of his father’s feet scarified ”* 

The pairicidc then ascended the throne of Magadha 
but the crime invohed him in wmi with Paisenajit “ For- 
tune in the contest inclined now^ to one side, now to the 


’ Rookhill’s Life of Buddha page 90 
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Other , on one occasion it is said Ajatasatru was earned 
aY,ay as a pnsonei in chains to his opponent’s capital 
Ultimately peace was concluded and a piincess of Kosaia 
was given in mamage to tJie king of Magadha ” 

In one of the Buddha’s visits to Rajagnha, Ajatasatiu 
expressed his lemoise foi the muider of his fathei and be- 
came a followei of Buddha 

Piasenajit’s end was as tiagic as that of Bimbisara 
He had grown old and Viiudhaka seems also to have been 
getting impatient to become ruler of Koshala One day while 
hunting, the piince trespassed in a gaiden of Sakyas within 
the subuihs of Kapilavastu The offended Sakyas tried to 
kill him but he contined to escape Virudhaka wanted to 
rei enge himself on the Sakyas by entering the same garden 
with a numbei of soldieis The Sakyas greatly exaspeiated, 
and disregarding the words of their elders, started out 
to kill Viiudhaka But he, hearing that the Sakyas of Kapila- 
vastu were coming to kill him, said to one of his men, “ I 
am going to hide (with all the troops) , if the Sakyas ask 
you anything about me, tell them that I have gone away ” 

So the Sakyas came to the paik, and not seeing Viru- 
dhaka, they asked the man, “ Wheie is that son of a slave P ” 

“ He has run away,” he answered 
Then some of them cried, “ if we had found him we 
would have cut off his hands ”, others said, we would 
have out off his feet,” others would have killed him “ But 
since he has run away, what can we do ? ” 

So they' decided to have the park purified “ Clean up 
the park,” they said to the workmen , “ and wherever this 
sou of a slave has been, clean it and sprinkle fiesh earth 
(over his footpunts) Wliatevei part of the walls be 
has had hold of, plaster it over and make it new Take 
milk and water and spiinkle it about, and also scented 
watei , strew about perfumes and flowers of the sweetest 

kind ” 

60 
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Yirudhaka’b men, who had heard all this, went 
and told him what the Sakyas had said Yirudhaka was 
greatly incensed, and cKclaiined, “ G-entleinen, vvhen my 
father is dead and I am king, my first act will be to put 
these Sikvas to death Promise me that you will give me 
support in this undei taking ” 

“ He then commenced conspiniig against his father and 
trying to gain o\cr to his interests all the five hundred 
councillors of Prasenajit, and they all pioraised him their 
support yMtli the exception of Diighacharayan But even 
he w as subsequently won ovei , though he kept his intentions 
secret fioin his sovereign One day Prasenajit went to a 
Sakya town to pay a visit to the Buddha in a chariot driven 
by Dirghacharayan On reaching the place, the king out 
of respect for the blaster gave the insignia of loyalty to his 
charioteer and went to the Buddha The traitor Dirghachara- 
yanat once left theplaceand on reaching Sravasti handed over 
the insignia to Yiiudhaka who thus became king of Koshala 
Prasenajit finding that Dirghacharayan had deserted him, 
proceeded on foot towards Rajagnlia Here he met his 
queens Malhka and Yarshika who had possibly been compelled 
to leave Sravasti to slnie the fate of then husband They 
informed him that Yirudhaka had usurped the thione 
Mallika was ppisuaded to go back and to enjoy the sove- 
reignty with hei son, while Prasenajit and Yarshika proceed- 
ed to Rajagnha and stayed in a park belongingtoKing Ajata- 
satru Yaislnka was sent to inform Ajatasatru of Prasena- 
jit’s ai rival at Rajagnha Ajatasatru was at fiist alarmed 
but when he was told that Prasenajit’s son has usurped his 
thione and that he had come to Rajagnha alone with one 
of bis wives, Ajatasatru began to make preparations for 
his suitable reception This caused delay and Piasenajit 
wbo^was sick from inamtion \ient to a turnip field near the 
park where the gardener gave him a handful of turnips 
and he ate them, tops and all This made him thirsty, 
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SO he "went to a pool of watei and quenched his thirst 
Suddenly his hands stiffened, and, seized with cramp m the 
stomach, he fell by the side of the road and died, suffocated 
by the dust caused by the wheels of (passing) yehicles ” 

King A-jatasatiu found Prasenajit’s dead body lying 
on the road and accoidei to him a funeral worthy of his 
rank Queen Varsiuka seems to have spent the lest of her 
life in Rajagriha 

It is lemarkable that the fiist two impoitant disciples 
of Buddha weie killed by then own sons One is tempted 
to think that thej"^ weic renegades and avowed enemies of 
the Brahmans who weie in the ascendant in those days and 
would leave no stone unturned to do away with anything 
which was calculated to stiike at the loot of their supremacy 

Fiom the Budlhist recoids it also appears that a son 
of Prasenajit went over to Tibet and was its 6rst king This 
king ascended the throne m 313 B C according to Sanang 
Setsen and after 416 B C, the date of his birth, according 
to Grubnthali sol-kyi-me-long fSarat Chandra Das, J B A S , 
Vol I, page 213) This latter date may be accepted as 
correct, though there would be still a diffeience of one bun- 
dled and fifty yeais between the father and the son Piob- 
ably the fiist king of Tibet was only a descendant of Prasena- 
jit His son Viiudliaica who, as noted above, massacied the 
Sakyas, could not ha\e been a patron of Buddhists, nor is 
there any evidence to show that any of Ins successors in the 
Solar dynasty had much fancy for the new lehgion 

The Sisunagas, however, as noted in section 5 B, were 
Buddhists, and Nandi- Vardhana is said to have built the 
stupa now called Mam Pa) bat Asoka, who is ciedited with 
having built 84,000 stupas m his empire within the space 
of 3 years, could not have left Ayodhya alone, and archmolo- 
gical explorations on a grand scale can alone decide whe- 
ther the mounds such as Shah Juran ka Tila, the Sugriva 
Parbat and others scattered throughout the town are the 
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ruins of the siupus built bj liiiu hei e ui e no stones in 
Ayodhya and buciaAOik, unless (like that oi Bhitii in Cawn- 
poie) it was hidden, was easily excavated and the bucks 
used in the election oi new buildings 

The Pushy ainiti as weie enemies of Buddhism, and it 
IS only m the leign of the Guptas that wm again heai of the 
sage Yasubandhu, the great apostle of tlie Mahayanist cieed 
living in Ayodhya Yasubandhu was boin at Purushapuia 
(Peshawai) of a Biahmm ianniy of Kausliika He came to 
Ajmdhya aud succeeded in converting Yikianiaditya The 
ciown-pnnce Baladitya, and the queen-mother, both pupils 
of Yasubandhu, invited him to Ajodhy a aftei the death of 
Yikramaditya 

Yasubandhu died at Ayodhya at the age of eighty 

Professoi Takakusu is confidently of opinion that this 
Yikramaditya ivas Skandagupta Avho luled about 452 — 480 
A D and his succossoi Baladitya must have begun to reign in 
481 Di Vincent Smith has gone into the question carefully 
and comes to the conclusion that Samudragupta received 
Yasubandhu, the Buddhist author and patiiaich, at court, 
either as a niimster oi as an mtimate counsellor, ivitb the 
sanction and approval of his father Chandiagupta I, and, 
furthei that Samudragupta, although officially a Brahmamcal 
Hindu, studied Buddhism in his youth with interest and 
partiality ‘ 

It was in the reign of Chandragupta II that the first 
Chinese pilgrim Fahian visited Ayodhya which he calls 
Sachi (Saket) The following account of his journey is taken 
from Fahiatis Tiavels by James Legge, page 55 — 

“ Going on fiom this to the south-east for three yojanas, 
they came to the great kingdom of Shaolie As you go out of 
the city of Shache by the southern gate on the east of the 


' J R A S , 1905, page 44 
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road (is the place) ^\ here Buddha aftei he had cheA\ed his 
willow blanch, stuck it ou the giound, when it forthwith 
grew' up seven cubits (at which height it remained neither 
incieasing noi diminishing) The Brahmans wuth their 
contrary doctrines became angiy and jealous Sometimes 
they cut the tiee down, sometimes they plucked it up and 
cast it to a distance but it grew' again on the same spot as at 
first Heie also is the place wheie the four Buddhas 
walked and sat and at w'hich a tope vras built that is still 
existing ” 

The next Chinese pilgrim wms Yuan Chwang (also 
spelt as Hioen Tbsang, Huan Chwmng, Yuen Chwang, 
Hiuen Tsiang, Hsuau Chwang, and Hhuen Kwmn) He 
gives a tolerably complete account of the place w'hich I 
reproduce from ]Vatte)s' Travels of Yuan Chwang 

“ The A.yudha country, the Record proceeds to tell us, 
was above 5,000 h in circuit The country yielded good 
crops, biought forth fiuit and flowers abundantly and had a 
genial climate The people had agreeable ways, were ^nd 
of good works, and devoted to practical learning Theie 
were above 100 Buddhist monasteries, and more than 
3,000 Brethien wdio were students of both ‘vehicles ’ There 
were ten Deva Temples, and the non-Buddliists were few in 
number 

“ Within the captial, the author continues, was the old 
monastery in w'hich Yasubandhu Pusa in the couise of some 
scores of years composed various sasti as, Mahayamst and 
Hinayamst Beside this monastery were the remains 
of the Hall in which Yasubandhu had expounded Buddhism 
to princes and illustrious monks and Biahmins from other 
countries Four or five h north from the capital and close 
to the Ganges (Ghogra ?) was a large Buddhist monastery, 
with an Asoka tope to mark a place at which the Buddha 
had preached to devas and men for three months on the 
excellent doctrines of his rehgion Four or five fewest 
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fiom this monastei}’ was a Buddha-relic tope, and to the 
north of the tope Avele the icinains of an old monasteiy 
Iteie Shih-li-lo-to (lestoied bj Juhen as Snlabdha), a sastra- 
mastei of the SautnintiLa school, com\)osod. a Santrantika 
mbiiasha-sasi) a 

fa a mango plantation five or sik h to the south-west 
of the cit}' was the old monastery in %\hich Asanga-Pusa had 
learned and taught Bj night the Pusa went up to the 
Tuslnta Hea\Gn, and theie leceived from Maitreya the 
raateiials of three tieatises which he taught by day to his 
disciples Those treatises, Tuan-Chuang tells us, were the 
* Yu-ha-shih-ti-lun,' the ‘Chuang-jan-ta-sheng-ching-lun,' and 
the ‘ Chung-pien-fen-pielun ’ 

“Above 100 paces to the noith-west of the Mango 
Glove v\as a Buddha-relic tope, and besides it weie old 
foundations at the place where Yasubandhu Pusa descended 
from Tuslnta Paiadise to have aninteiview luth Ins elder 
brothel Asanga Pusa Quit pilgrim heie lepiesents these 
two bi others as natives of Gandhaia, and as having lived 
in the Millennium succeeding the Buddha’s decease (that 
IS, according to the Chinese reckoning, before the thud 
century of oui era) Asanga, he tells us, began Ins Buddhist 
religious careei as a ilahisasika and afterwaids became 
a Mahayanist, and Yasubandhu began Ins religious careei in 
school of the Sarvastivadins Yuan-Chuang here tells a 
curious storv about the two brothers and a great scholar 
who V as a friend and disciple of Asanga, by name Fo-te- 
seng-ha, tianslated by Shih-tzu-chiao or ‘ Lion-intelligence,’ 
the Sanskrit original being Buddha-simha These three 
brethren made an agieement that when one of them died 
and went to Heaven he should come back to earth at the 
first oppoitunitv to enlighten the survivois as to his circum- 
stances The fiist to die was the disciple Buddha-simha, 
but m Heaven he forgot his promise Then three years 
afterwards Yasubandliu died and went to Tushita Heaven 
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He had been dead six; months, and no message had come 
from him, so the heretics decJaied that he and Buddha- 
simha had gone to a bad place Hut at length Vasubandhu 
remembeiing his agreement, found it in his power to keep 
it So in the form of a Deva-}ishi he descended to eaith 
and Visited his brothei, telling him how he and Buddha- 
simha had faied in Maitieya’s Paradise ” 

Fiom this descuption it appears that when Yuan 
Chwang visited the place, Buddhism was the prevailing 
religion Harsha-vardhana undei the influence of the pilgiim 
had become a Buddhist but the change in Ayodhya could not 
have been wrought in a day We are thei efore forced to 
the conclusion that Vasubandhu ’s influence, as Professor 
Takakusu lemaiks, with the last king of the Gupta line, had 
continued unabated foi 150 years 

"We next hear of Ayodhya being goveined by a Bud- 
dhist king at the and of the tenth and the beginning of the 
eleventh century of the Christian eia The Pala empire 
included- Bengal, Behar, and Oudh (Gaur, Patna and 
Benares) and tlie Pala rulers were Buddhists This king 
was Mabipal In the beginning of the eleventh centuiy 
a gieat disiuption took place, Behar under Mahipal’s 
successors remaining Buddhistic while Oudh under Chandra 
Deva, a son of Mahipal, became Biahmamc which it is to 
the present day 

7 AYODHYA UNDER THE GUPTAS 

In the eaily centuries of the Christian era, Ayodhya 
was m ruins So complete xvas the obliteiation of the old 
metropolis that when Vikraniaditya made up his mind to 
restore it, he found the gieatest difficulty in tracing its 
foimei boundaries All that was known was that it was 
situated somewhere on the banks of the Saiayu According 
to the tradition, he was encamped near Nirmali Kund when 
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u black man, to all appearances a long, came on horseback, 
and as soon as ho had bathed mtho sacied sticam, he at once 
bocamo much fairei m colour Vikiamaditya Avas surpnsed 
at the change and on enquirj' was told by the visitor that 
he was Tiithaiaia (king o/" or holy places, Pra-\ag 

or Allahabad) and that it was one of his annual visits to the 
place to puiifv himself by washing off the sms of pilgrims 
to the rioh Confluence which accninulatod and blackened 
the coloui of Ins hodj and that the particulai place was 
Kiiniali Kund (piiiifMiig icsor\oii) 

"We have, Iiowcnci, leason to believe that his mam clue 
m tiacing the ancient citv Avas the holy rner Sarayu and 
his noKt was the shiine still known as the Nageshwmrnath 
which is dedicated to Mahado\a and of which he found 
record in ancient manuscripts Mention was also made of 
the diffoient shiines to wdiich pilgiims fioni afar still flock 
in thousands 

Wo have seen in the previous section that in the second 
and thud centuries of the Christian eia powerful Meghas 
and Bevarakshitas ruled in Kosala Possibly their capital 
was Sravasti Othciwiso there can be no explanation of 
the desolation of Avodhya in the fourth centuiy of the 
Christian era 

This Vikramaditja can be no other than Chandragupta 
n of the Gupta dynasty “ wdio has a better claim than any 
other sov ereign to be regarded as the original of the mythical 
king of that name who figures so largely in Indian legend ” 
Chandiagupta II was a Saiva but subsequently became a 
Bhagavata and in the insciiptions, he glories in installing 
himself Paiama Bhagavata ” The Maurjm emperors, it is 
tiue, had managed to control from the ancient impel lal 
but' ^ ^®™inion very much laiger than that of the Guptas 
their time, its remoteness in the extreme east 
for tlie^c^ oaused inconvenience, and a more cential position 
oouit had obvious advantages” Partly frOm its 
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central position and partly fioni the fact that Chandiagupta 
had become a Bhagavata the headquaiteis of the government 
had to be shifted to Ayodhya Tradition, almost univeisal, 
attaches Yikiamaditya to Bjjain Though the only evidence 
of Gupta Rule in Ayodhya is the shape of the columns 
in the .Tanmasthan mosque, there is no doubt about this 
Vikraniaditya The Guptas, hourevei, hailed fiom Patali- 
putra Orientalists forget that the Indian empeiois includ- 
ing the Moghuls, Akbar and Jahangir, did not place the 
same tiust in then Yiceioys as does the Biitish Government 
The western dominions of the Moghul Empire u eie governed 
from Lahore where both Akbai and Jahangir resided 
legularly for some months in the yeai From the history 
of the Pathan kings they learned that viceroys left to them- 
selves became independent sovereigns Asoka gave full 
powers to Bajukas, whoever they were, whether Commis- 
sioners 01 Governors, because -experience had convinced 
him that in leaving his subjects to then care “ he felt as 
tranquil as a man does after making ovei his child to a 
clever nurse ” But this is an exception rather than the 
iiile Sainudragupta had a capital in Jhusi opposite the 
present city of Allahabad and the stones of the castle built 
by him were used in the construction of Akbai’s fort and 
some are still lying scattered in the ullage The well 
called Samudiakupa seems to have been inside the foit 
Anybodj who takes the trouble of walking on foot from 
Hansakup rto Chhatnaga witli his eyes open, will find 
ravines exposing the foundations of masonry walls. The 
pillar on which Harishena’s eulogy has been incised may 
have been originally erected in Kaushambi but it was in 
Allahabad when this inscription was engiaved Chandra- 
gupta II (Yikramaditya) ascended the throne m cu 375 
and conquered Malwa in 395, the chief town of which was 
Ujjain Malwa was an exceedingly prosperous prov- 
ince and the country, the people and government excited the 
61 
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admiiation of the Chinese tiaveller Fahian who came to 
India in the reign of Chandiagupta II. “ The annexation 
of Suiashtia and jMahva not only added to the empire, 
provinces of exceptional wealth and foitiiity, but opened 
up to the paianioiint poMOi, fiee access to the poits of the 
western coast, and thus placed Chandiagupta TI in diiect 
touch with the seaborne commerce with Euiope through 
Egypt, and hi ought his couit and subiects under the in- 
fluence of the Euiopean ideas wdiich travelled w'ltli the 
goods of the Alexandiian merchants 

Have we not, theiefoie, some giound for presuming 
that Chaudragupta had one of his capitals in Ujjain, and 
it was from Unain that he came to A.yodhya, as described 
111 Canto XYI of the Eaqlitivansa in the case of Kuea 
cMSbing the Yindhja mountains and fording the Ganges 
on the backs of elephants ?’ 

We have now^ to dispose of another tradition about 
the duiation of Yikianiaditya’s reign as recorded in the 
Ondh Ga^eiicc) It says that Eaja Yikiamaditya ruled 
in Ayodhya for eight years Assuming that the capital 
was shifted to Ayodhya in 400 the eighty yeais will end 
m 480, the probable date of the accession of Baladitya w^hen, 
according to Professor Takakusu, the Gupta empire seems 
to have come to an end ’ 

But Piofessoi Takakusu’s conclusions lead us a little 
further Baladitya wms a disciple of Yasubandhu and had 
therefore no attractions for Ayodhya like Chandragupta 
Yikiamaditya After the dismember uient of the empire 
partly caused by the invasion of the Huns and partly by the 


’ Early E%stot y of India 
” Raqhuvansa, Oanto XVI 

’ J R A S , 1905, page 44 
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and that his birthplace was probably Mandasor and that he 
fiist appealed before Yilcramaditya at Unain His high 
genius at once laised him to the dignity of a couit poet Poets 
attached to Indian roints me ler/idai cow tie) s and conbta)it 
attendants of the somcign and even in these days, when 
the nionaich is in Ins lighter moods, legale him with poetr> 
suitable to the occasion It was for such occasions that 
the vaiious chapters of the Riinsanha) a weie composed. It 
was heie that the heii-appaicnt, who afteiwaids ascended 
the till one undei the title of Kumara Gupta Mahendiaditya, 
was born and the poem JSra»ia)a6'«»iWi«ua(Biith of Kama) a) 
m seven cantos was composed to commemoiate the occasion 
It was ^\hen Chandiagupta II was staying in Jiiusi (old 
Pratishthanpui) that Kalidasa was leminded of the episode 
of Puruiavas and Urvasi and ^\lote the Vi7na)no)vashi, 
the scene of whicli is Pratishthanpui The woid Vihama 
in the name o f the play was simplv meant to commemorate 
the name of the pati on 

The Guptas like othei Indian kings were veiy fond of 
the chase and one of the coins of Chandiagupta Vikrama- 
ditya shows the king in the act of shooting a tiger The 
place Avheie Dushjanta, the lieio of the Salwitala, goes on 
a hunting excursion contains wild boais, bisons and even 
wild elephants This can be no other than the north of 
the present district of Bijnoi It is here that the river Malm 
rising from the hills of Gaihwal after a winding course 
falls into the Ganges Hastmapui on the old bed of the 
Ganges is fifty miles fiom here When leaving for Hastmapui, 
Dushyanta gives Sakuntal a asignet img on Avluch Ins name is 
engraved Dushyanta m the Devanagii foim curient m the 
Gupta period contains five letters da sha ya na and ta The 
parting lovei tells Sakuntala to count the letters each day 
and tells her that on the fifth day, the last letter m the 
name, an escoit will come to the forest to take hei m state 
to Haatmapur ^ Kalidasa is nevei wrong in his geography 
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andtho jojnl pledijfe could onU be icdcoined on the as- 
sumption that the hei'imtage of Kan\a -was among the hills 
in Biinoi ]t vas neat this hei imtage that Chandiagupta II 
Ment to hunt, taking his coiut poet ^\^th him The 
monarch \sas not onh a good maiksman but also a towei 
of stiength lie could go up hill and doi\n dale like a 
Mild elephant The loicst-hcateis MCie instinctodto begin 
their work attoi midnight The lojal bag i\as loasted 
after the hunt of the dai Mas ovei, and the courtieis sJiaied 
It Avith thou soiereign at odd tunes dining da^ Alj this 
mn% iia\e been ploa'^anf to Chandiagupta liut the poet had 
no faiici foi it He did not like to be disturbed m his 
sleep bv lascallv foi est-beatoi s He had no liking foi the 
I oast-leg of tasteless ^omsoll served to him He missed the 
lojal dishes mIiicIi he enjoiod in the palace He missed Ins 
soft doMmy lied and m the phn composed aftei his retain 
lie put lus feelings of discontent into the mouth of the 
^ idushaka 

It IS 1 emarkalile that though the names of Krishna 
and Rukmini appeal casuallj in his fiist play, the Mahvi- 
tlie incainations of Vishnu aie conspicuous by 
then absence in the two di.imas This leads us to infer 
that these books MCie Miitten before Chandiagupta bad 
become a Bhagarata, .md tliere is no doubt that he became a 
Bliagavata Mdiile he was in Ujjain 

The ne\t piecious gem of Sanskiit hteiature M^as also 
composed in Ujiain aftei the change in the monaich’s creed 
The jouiney of the cloud begins with Ramagiii, a place 
halloMcd by the soiourn of the Blessed Couple duiing their 
exile The hill Clntrakuta is lefeiied to as bearing the 
piint of the Lord of^Ragbu’s world-MOi shipped feet and the 
« eniissaiy cloud is compared to Hanumana and the Taksha s 
Mife to Sita Kalidasa loved Hjjam, so did lus master, and 
he could not leave it out of lus poem Though it is not in the 
path of the cloud maiked out for it by the eternal laws of 
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nature, the messongoi is expicssh flnectofl to make a divei- 
sion, telling Inin, 

Ah shouldsl thou miss 

The gUnoos brisk fiom liglUmng-stmiled eyes 
nr Uiiam’s ftiii thou wouldst base lived m \am 

The court next shifts to Avodhya and Kalidasa conies 
to oui holy citv Heie he coinnienced that most peifect 
epic m the Aviiole range of Sanskrit hteiatuie, the 
mnsa, in Vihich he has delineated with a tine poetic pencil 
the salient features in the histoiy of “ that glorious dynasty 
which began w ith the sun and culminated after sixty genera- 
tions of blameless iiilers in the mcai natc deity and perfect 
man Rama ” The poem hiiines ovei the successors of Rama 
down to Agmrarna (No 86 of the pre-Mahabhaiata list) 
He had gone ivith his niasloi to the Debi Patan at the foot 
of the Himalaias and desciibos the mountain sceneiy in the 
fiist and second cantos He had a fiist-hand knowledge of 
the Digvijaya (campaign of universal conquest) of Chandia- 
gupta II {not of Samudi agupta) and describes it in Canto d 
He had seen the holy confluence of the Hanges and the Jumna 
fiom the foit at Jhusi — a place from ivhicli even in these days 
the finest view of the junction is obtained — and paints it in 
Canto XIII He hadtiavelled wuth his patron fiom Ujjain 
to Ajodhya, had seen with his own eyes the desolation of the 
old city and wms present at the inauguiation ceiemony of 
the now inetiopohs which he describes in Canto XVI 

TJnfoitunaiely Bagliiminsu was nevei finished The 
gieat poet on receiving a call tiom his JIakei selected Saiajui 
for his final I esting-place and consigning his immoital soul 
to the caie of the Loid wliom he feivently woi shipped, left 
the works of his ait as some of the gieatest hteiaiy assets of 
not only the Indian nation but of the entne civilised woild 

'A remaikably mterestmg note on the subject from the pen 
of Mr F G Petersen has appeared m the October number of 
J R A S , 1926 
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8 AYODHYA UNDER THE JOGIS, RAISAS, SRI- 
RASTAiMS, PARIHARS, PALAS AND 
GAHARWARS 

Accoiding to tiadition, Ra|a Rikiaiuajit ruled 
ovei A3'ocllija foi eighty yeais and at the end of that time 
lie was outwitted hy ilie Jogi Samudrapa) , who having by 
magic made away with tlie spirit of the Raja himself, entei- 
ed into the abandoned body' , and he and his djmasty 
succeeding to the kingdom they iiiled ovei itfoi seventeen 
geneiations oi six bundled and foily-thiee jmais which gives 
an unusual nunibei of years foi each reign 

Rialimanisin seems nevei to have lost its influence in 
Ayodhya even undei the Mauryas and after the withdrawal ^ 
of the Guptas, a piiestly government seems to have been 
established here, the euteiing of the Jogi into the Raja’s body 
only meaning that he stepped into his shoes The leign of 
SIS bundled and forty-three years horn the teinnnation of 
the Gupta Rule in 480 would bung it to 1123 which is 
manifestly absuid 

Batsas — In the leign of Harshavaidhana (606 — 647), 

- Ayodhya was included in the kingdom of Kananj It may 
be inteiesting to note that coins of Piatapasila and Siladitya 
who have been identified Aiith Prabhakaiavardhana and 
Haishavaidhana by such a high numismatic authoiity as 
Mr (noAV Sir Richard) Biun, have been found in Bhitauia 
in Evzabad distiict The desciiption of the city at the 
time of the Chinese pilgiiin’s insit has alieady been given 
undei head Buddhist Ayodhya 

Siibastanis — On the dismemhei iiient of the empiie 
attei the death of Harsha m 647 the tians-Ghagia Snbastams 
(Srivastavyas) seem to have taken possession of the old 
capital and subuibs . It must be noted that aftei the depat - 

’ Oiedh Gazetteer , Vo] I, page 3 
' J R A S , 1908, page 845 
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tuie of Criiptas, Aj’oclh^a was governed from a distant seat 
of goveinment, and sometimes as independent and sometimes 
as semi-indepondont ruleis, these Siibastams held sway 
ovei Ayodhya till the end of the eleventh centuiy of' the 
Christian oia ’ 

Panfiais — In the eighth cenlurj, Ayodhya became a 
part of the dominions of the Panhais of Kanaui “who had 
become masteis of the countij fiom Sravash, 160 miles 
north-east of Kanauj, to the southern pait of Kathiawai and 
fiom Kurukshetia on the west to Benaies on the cast The 
most famous king of this line was Bhojadeva also called 
Adivai aha and ilihira ho is distinct from his namesake 


' Tlio dispersion oC Snbastams seems to ha\ e commenced m 
the twelfth centuiy of the Christian ora after the Muhammadan 
conquest As lemarkod by me m the Preface to my English 
translation of the Kayastlia Ethnology^ the Musalman kings could 
not dispense with the services of Kayasthas as i evenue officers and 
Mr Panna Lai, 1 0 S , likewise a Snbastam, informs me that a 
Si ibastam of Ajodhj a ^ as appointed the qanungo of Asoha par- 
gana, now in Unao distnct, in the thirteenth century, the functions 
of the qanungo in those days corresponding to those of the 
Doputij Commissioner — Settlement Officer under the British Govern- 
ment Wo next heal of Snbastams as rajas of'Amorha on the 
other side of the Saraj u In the fourteenth century, Eai Jagat 
Smha, a Snbastam, was subadar of Sultanpur In 1376, the Dom 
Ruja of Doraangarli on the Rapti near Gorakhpur, demanded the 
hand of a Brahman girl of mauza Kurghand in the Amorha paigana, 
now in Basil district, and on his request being refused, confined the 
famil}’’ to the house The girl on the pretence of a pilgrimage to 
Ayodhya went to Rai Jagat Smha and implored his aid Jagat Smha 
attacked the Dom and having killed him made over the girl to her 
father who was so overpoweied with gratitude that he threw his 
sacred cord ovei the Rai’s neck saj mg that he had nothing more 
Yaluablo to give Rai Jagat Smha accepted the gift and his descend- 
ants are still called Pandes Rai Jagat Smha was made Raja of 
Amorha by the Delhi emperoi and though his descendants were 
afterwards deprived of half their heritage by Surajbansis, they 
held Amorha for a considerable peiiod 


Snbastams of Pyzabad and the surrounding districts are still 
next after Brahmans and Thakurs, important membeis of the Hindu 

distinguished personages as Maharaia 
“'“ster of Nawab Asafuddaulah, the late General 
Ramashankar of Balrampur and the late Hon’ble Rai Sriram 
Bahadur, 0 1 B , of Ayodliya itself ™ 

History of SzroTii Raj, page 110 
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the Pramara, and ruled for fifty years from 840—890 The 
Paiihara Raja Rajpal was reigning in Kanauj when Sultan 
Mahmud invaded the country In 1015 the Parihars were 
ovei thrown by Glaharwars under Chandradeva It was 
duiing the anarchy after the fall of the Par ihar line that 
“ SaiYid Salar Masud Grhazi made his ill-starred advance to 
Oudh when in the earliest Mohamedan invasion he and his 
aimy left their hones to bleach m the wilds of Rahraich 
Oudh was then divided into a gieat many principalities 
but his chief opponents were, as the wi iter of the 
Gazcttm remarks, the Sribastams of Ayodhya though the 
credit of victory is given to Raja Suhel Deva 

The most famous king of the Gaharwar line was Govind- 
cbandra Deva In 1187 his grandson Jaichand granted 
the village of Komali to the Brahman Alenga of the 
Bhaiadwaj line and the coppei -plate grant was found near 
Fyzabad when Colonel Aulfieid was resident of Lucknow 
The gods mentioned in the grant are Vishnu and Lakshmi * 
Eight years after this, Jaichand was defeated by 
Shahabuddin Muhammad Ghori and tlie Hindu supremacy 
came to an end 


* Oudh Gazetteer, page 3 
’ J A S B , Vol X, Part I, 1861 



